'Y' 


S’*  ^ . 


ry;  . 

L^;- 


REPORT  OF 

STREAMS 

EXAMINATION 


SANITARY  DISTRICT 
OF  CHICAGO 


• 


W^A.  ■ - -M 


yM^r: 


A 


Med 

K23976 


CITY  OF  CHICAGO,  1902 


3J.V1S 


SiONmi 


i 


■ ■■  * 


u 


' . f 


Y..  '• 


- i-  . , s 


% 


Cli/  O*  CWJCVCO*  1^0.^ 


REPORT 


OF 

Streams  Examination 


Chemic  and  Bacteriologic 

OF  THE 

Waters  between  Lake  Michigan  at  Chicago  and  the  Mississippi  River 
at  St.  Louis,  for  the  purpose  of  determining  their  condition 
and  quality  before  and  after  the  opening  of  the 
Drainage  Channel 


MADE  UNDER  THE  DIRECTION  OF 

ARTHUR  R.  REYNOLDS,  M.  D. 

Commissioner  of  Health,  City  of  Chicago 


PUBLISHED  BY  AUTHORITY  OF 

THE  TRUSTEES  OF  THE  SANITARY  DISTRICT 

OF  CHICAGO 


December^  ig02 


PRESS  OF 

The  Blakely  Printing  Company 

CHICAGO 


WELLCO^'E  I NSTITUTE 

UBP/.HY 

Coll. 

wol^';Omec 

Call 

No. 

iMA 

BOARD  OF  TRUSTEES 


OF  THE 

SANITARY  DISTRICT  OF  CHICAGO 


WILLIAM  H.  BAKER. 
JOSEPH  C.  BRADEN. 
ZINA  R.  CARTER. 
FRANK  X.  CLOIDT. 
ALEXANDER  J.  JONES. 
WILLIAM  LEGNER. 
THOMAS  A.  SMYTH. 
THOMAS  J.  WEBB. 


FRANK  WENTER. 


Digitized  by  the  Internet  Archive 
in  2017  with  funding  from 
Wellcome  Library 


https://archive.org/details/b28062656 


LETTER  OF  TRANSMITTAL  FROM  THE  DIRECTOR 
OF  THE  STREAMS  EXAMINATION. 


Chicago,  December  i,  1902. 

To  the  Honorable,  the  Board  of  Trustees,  Sanitary  District  of  Chi- 
cago.— Gentlemen : — In  presenting  to  you  the  subjoined  reports  of  the 
bacteriologic  and  chemical  experts  on  the  effects  of  the  Sanitary  Drainage 
Channel  on  the  waters  of  the  streams  between  Chicago  and  St.  Louis,  I 
beg  to  call  your  attention  to  the  facts,  vsdiich,  in  my  judgment,  seem  to 
be  demonstrated  in  these  reports. 

For  the  general  reader  it  should  be  premised,  first,  that  the  immediate 
object  of  the  Chicago  Sanitary  District,  created  under  the  Act  of  Alay  29, 
1889,  is  the  diversion  from  Lake  Michigan  of  the  sewage  of  Chicago  and 
its  inoffensive  disposal  toward  the  Alexican  Gulf.  These  are  the  primary 
and  all-important  purposes  of  the  expenditure  of  the  $36,000,000:  To 
prevent  the  further  pollution  of  the  waters  along  the  city  front  and  to 
relieve  the  filth-congested  river  and  its  branches,  the  contents  of  which 
have  been  aptly  described  as  “the  cpiintessence  of  seweral  putridity,”  and 
to  do  this  without  offense  to  the  senses  or  injury  to  the  health  of  the  com- 
munities further  down  stream — communities  which  have  long  suffered 
from  the  relatively  insignificant  sewage  discharge  through  the  Illinois  and 
Michigan  Canal. 

Second,  and  as  a corollary  of  this  first  premise,  the  protection,  pro 
taiito,  of  the  Chicago  water  supply  from  pollution  by  this  sewage. 

Third,  the  reclamation  of  the  ‘hnalaria  preserves”  along  the  Illinois 
river,  to  the  benefit  of  the  public  health  of  those  regions. 

^ And,  ultimately,  the  improvement  of  navigation  between  Lake  Michi- 
gan and  the  Mississippi  river. 

The  inception  of  this  work  dates  back  nearly  half  a century — to  the 
days  of  E.  S.  Chesebrough,  one  of  the  best-equipped  and  most  far-seeing 
sanitary  engineers  of  his  period,  and  during  the  interval  it  has  received 
the  attention  and  study  of  such  sanitarians  and  scientists  as  Dr.  John  H. 
Rauch  (for  fully  thirty  years),  Prof.  John  H.  Long,  Dr.  F.  W.  Reilly, 
Allen  Hazen,  Rudolph  Hering,  Geo.  E.  Waring,  Jr.,  W.  T.  Sedgwick, 
John  \V.  Hill,  Lyman  E.  Cooley,  Benezette  Williams,  S.  G.  Artingstall  and 
others. 
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Of  the  facts  demonstrated  in  the  report,  yonr  attention  is  especially 
invited  to  that  which  shows  that  rnnnin"  streams,  adequately  diluted,  do 
purify  themselves  from  sewage  pollution — a proposition  first  made  by  Dr. 
Keillv  as  a result  of  his  collation  of  the  reports  of  Prof.  Long's  investiga- 
tions of  the  water  supplies  of  Illinois,  1888-89,  and  at  a time  when  water 
analysts  of  the  old  school  held  that  “no  stream  on  earth  is  long  enough  to 
purify  itself  after  once  being  organically  polluted.”  The  demonstration  is 
shown  in  the  complete  disappearance  of  any  trace  of  Chicago  sewage  in  the 
Illinois  river  long  before  it  reaches  Averyville  and  in  the  better  quality  of 
file  Illinois  river  water  as  it  empties  into  the  Mississippi  at  Grafton  than 
that  of  the  ^Mississippi  itself. 

-All  talk  of  Chicago  sewage  injuriously  aflfectiug  the  drinking  water 
at  St.  Louis  is  thus  completely  and  effectually  disposed  of  by  the  work 
of  these  investigators. 

The  benefit  of  the  Sanitary  waterway  on  the  jiublic  water  supply  has 
not  vet  been  fully  realized,  and  will  not  Ix^  until  the  intercepting  sewers 
and  other  works  necessary  to  the  exclusion  of  all  sewage  from  the  lake 
in  the  vicinity  of  Chicago  are  completed.  Put  what  may  be  confidently 
anticipated  is  foreshadowed  in  the  great  improvement  of  the  sanitary 
quality  of  the  water  supply,  under  usual  meteorologic  conditions,  since  the 
Channel  was  opened  in  January,  1900. 

-As  to  the  improvement  of  the  river  and  the  south  branch,  no  one.  who 
crosses  a bridge  from  Rush  street  to  Robey,  or  who  lives,  works  or 
offices  in  the  vicinity  of  the  main  river  and  south  branch,  can  fail  to 
notice  the  change  in  the  atmosphere  since  that  date. 

Concerning  the  benefits  along  the  Desjdaines  and  Illinois  rivers,  the 
State  b'ish  Commissioner,  Col.  Bartlett,  reports  an  enormous  increase 
in  the  fish  harvest — a croj)  more  remunerative,  acre  for  acre,  than  an\’ 
other  in  the  state.  Fish  that  have  been  driven  away  from  increasing 
reaches  of  the  river  year  by  year  by  the  undiluted  sewage  of  the  Illinois 
and  Michigan  Canal  and  of  the  larger  towns  Ixdow  Chicago  are  returning 
to  the  purified  waters,  and  the  deuizeus  along  the  hanks  of  the  Illinois, 
erstwhile  hostile  to  the  Sanitary  District,  arc  now  clamoring  for  the  fullest 
flow  of  the  channel  in  the  interest  of  improved  navigation. 

.As  part  of  the  history  of  the  Sanitary  District.  1 incorporate  in  this 
letter  of  transmittal  the  correspondence  and  other  data  ]X'rtaining  to  the 
streams  examination  of  which  I have  had  the  honor  of  being  the  Director. 
This  begins  with  the  following; 

Chicago,  November  28,  i8(>8. 

To  the  nonoral)le,  the  Board  of  Trustees. 

Sanitary  District  of  Chicago. 

Cicutlcmcu : — 1 take  occasion  again  to  urge — as  I have  previously  done  verbally 
to  some  of  the  I'rnstees — the  desirability  of  an  exhaustive  series  of  examinations, 
chemic  and  hactcriologic.  of  the  waters  between  Lake  Michigan  at  Chicago  and 
the  .Mississippi  River  at  St.  Louis,  with  the  object  of  determining  their  condition 
:ind  iinality  before  the  completion  of  the  Drainage  Channel,  for  comi'arison  with 
their  condition  and  (piality  under  the  dilution  to  be  atYorded  by  the  Channel. 
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Such  examinations  have  been  made  from  time  to  time  since  1869 — 'the  most 
important,  in  point  of  number,  being  those  instituted  by  the  late  Dr.  John  H. 
Rauch  in  1886-89,  made  by  Professor  J.  H.  Long  and  collated  by  Dr.  F.  W.  Reilly. 
While  these  examinations  demonstrated  the  effective  decomposition  of  sewage 
matters,  and  consequent  purification  of  the  streams  in  a flow  of  less  than  fifty 
miles — that  is,  between  Bridgeport  and  Channahon — they  are  defective,  scientifically, 
in  that  they  were  confined  solely  to  the  chemic  determinations,  and  in  the  present 
developed  state  of  water  analysis  and  examination,  when  water  bacteriology  is 
deemed  essential,  they  would  probably  have  little  weight. 

This  defect  was,  in  part,  remedied  by  the  work  done  under  my  direction  as 
late  as  September,  1894,  by  Dr.  Adolph  Gehrmann,  of  the  Department  Laboratory, 
who  made  a special  bacteriologic  study  of  certain  organisms  in  the  waters  between 
the  South  Branch  of  the  Chicago  River  and  a point  a few  miles  below  Peoria. 
But  this  work  was  confined  to  the  bacterial  examinations,  and  was  not  supplemented 
by  simultaneous  chemic  analyses.  As  before  said,  both  are  essential. 

I beg  to  submit  that,  in  view  of  the  hostile  attitude  of  St.  Louis  and  the  threat 
to  appeal  to  Federal  authority  to  prohibit  the  use  of  the  Drainage  Channel,  the 
Board  should  fortify  itself  with  the  evidence  above  indicated. 

The  outlay  for  this  work  need  not  be  great,  since  the  Board  could  undoubt- 
edly arrange  with  the  Illinois  University  to  have  the  analyses  and  examinations 
made  in  its  laboratories,  without  charge,  and  the  findings  would  thus  have  the 
prestige,  as  evidence,  of,  a state  institution,  and  the  weight  of  such  authorities  as 
Professor  Palmer  and  his  colleagues. 

To  further  forestall  criticism,  I would  suggest  that  duplicate  samples  should 
be  offered  to  the  St.  Louis  authorities  for  examination  in  some  such  institution 
as  their  Washington  University,  whose  scientific  standing  is  of  the  highest.  It 
would  be  well,  also,  to  secure  the  service  of  the  laboratories  of  the  Chicago  Uni- 
versity, in  which  Professor  Jordan  and  others  have  already  done  a great  amount 
of  work  on  the  general  subject. 

If  this  suggestion  be  acted  upon,  I should  be  glad,  if  desired,  to  take  general 
charge  and  arrange  with  the  representatives  of  the  three  institutions  the  details 
of  the  collection  of  samples,  the  points  whence  these  shall  be  obtained,  the  technique 
to  be  employed  in  the  examinations,  the  data  to  be  included — meteorologic,  topo- 
graphic, demographic,  etc. 

My  suggestion  is  based  on  the  assumption  that  the  opposition  to  the  Drainage 
Channel  has  an  honest  animus;  that  St.  Louis  and  the  lower  Illinois  valley  really 
believe  that  the  effect  of  the  Channel  will  be  inimical  to  their  health  by  affecting 
their  water  supplies.  The  way  to  remove  these  fears  and  allay  these  apprehensions 
is  to  ascertain  and  present  the  facts  truthfully  and  impartially.  I have  no  doubt 
as  to  the  result — either  as  to  the  certainty  of  demonstrating  a material  improve- 
ment of  the  qualicy  of  the  water  by  the  Channel  dilution,  or  as  to  the  prompt 
acceptance  of  the  situation  by  those  now  opposed  when  such  demonstration  has 
been  made.  I am,  gentlemen.  Very  truly  yours, 

(Signed)  Arthur  R.  Reynolds.  M,  D., 
Commissioner  of  Health. 

After  due  consideration  the  suggestions  made  in  the  above  letter 
were  adopted,  and  the  following  notification  of  appointment  was  received 
January  24,  1899 : 

I 

SANITARY  DISTRICT  OF  CHICAGO. 

Chicago,  January  23,  1899. 
Arthur  R.  Reynolds,  M.  D.,  Commissioner  of  Health, 

City  Hall,  Chicago. 

Dear  Sir: — You  are  hereby  notified  that  the  Joint  Committee  on  Federal  Rela- 
tions and  Health  and  Public  Order  of  the  Sanitary  District  of  Chicago  has  selected 
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you,  in  your  official  capacity,  to  take  the  preliminary  steps,  under  the  direction 
of  said  Joint  Committee,  in  regard  to  analyses  of  the  water  of  the  Chicago,  the 
Desplaines,  the  Illinois  and  the  Mississippi  rivers.  The  method  of  procedure  to 
be  followed  is  as  has  been  explained  by  you  to  Chairman  Frank  Wenter. 

Yours  truly, 

(Signed)  Joseph  Haas, 
Clerk,  Sanitary  District  of  Chicago. 

April  6 authority  was  given  by  the  Joint  Committee  to  purchase 
material  and  to  provide  for  the  payment  and  expenses  of  the  experts  of 
the  Illinois  and  Chicago  Universities  and  also  for  like  expenditures  in 
the  Municipal  Laboratory. 

January  19,  of  the  following  year,  in  a letter  addressed  to  Hon.  Frank 
Wenter,  Chairman  of  the  Joint  Committee,  the  plan,  which  had  already 
been  put  into  operation  for  conducting  the  work  was  briefly  outlined, 
and  copies  of  the  correspondence  showing  that  St.  Louis  had  failed  to 
join  in  the  proposed  investigation  or  to  recognize  it  in  any  manner  were 
submitted  : 

Chicago,  January  19,  1900. 

Hon.  Frank  Wenter,  Chairman, 

Joint  Committee  on  Federal  Relations,  Health  and  Public  Order, 

Board  of  Trustees  of  the  Sanitary  District  ‘of  Chicago. 

Dear  Sir: — Under  date  of  January  23,  1899,  I was  notified  by  your  Committee 
that  I had  been  selected  to  undertake  the  direction  of  a complete  and  comprehensive 
analysis  of  the  waters  flowing  between  Chicago  and  the  Mississippi  River. 

On  the  following  day,  January  24th,  I addressed  a letter  to  Andrew  Sloan  Draper, 
LL.  D.,  President,  University  of  Illinois,  Champaign,  111. ; Winfield  S.  Chaplin, 
LL.  D.,  Chancellor,  Washington  University,  St.  Louis,  Mo.,  and  William  R.  Harper, 
D.  D.,  President,  Chicago  University,  Chicago,  111.  It  was  proposed  to  them  to 
collect  samples,  in  triplicate,  to  be  sent  to  the  laboratories  of  each  institution. 

Dr.  Draper  accepted  promptly,  and  appointed  Dr.  Arthur  W.  Palmer,  Professor 
of  Chemistry,  to  represent  the  University.  Dr.  Harper,  in  accepting  for  the  Uni- 
versity of  Chicago,  named  Edwin  O.  Jordan,  Professor  of  Bacteriology  in  that 
institution,  as  its  representative. 

Dr.  Chaplin,  of  Washington  University,  commended  the  plan,  but  informed 
me  that  the  Washington  University,  an  an  institution,  could  not  take  part  in  the 
conference  or  the  work. 

On  February  6,  1899,  I personally  visited  St.  Louis,  called  upon  the  Hon.  Henry 
Ziegenheim,  Mayor,  and  verbally  requested  that  the  city  of  St.  Louis  take  the 
place  of  Washington  University  in  the  investigation.  I was  referred  by  him  to  Mr. 
W.  L.  Holman,  Water  Commissioner.  Mr.  Holman  was  interested  in  the  plan,  and 
deemed  it  fair  and  wise. 

On  February  9th  the  following  letter  was  addressed  to  Mayor  Ziegenheim : 

t 

Hon.  Henry  Ziegenheim,  Chicago,  February  9,  1899- 

Mayor,  City  of  St.  Louis. 

My  Dear  Sir: — In  pursuance  of  our  agreement  last  Monday,  I called  at  once 
upon  Commissioner  Holman,  with  reference  to  the  chemical  and  bacterial  exam- 
ination of  the  streams  between  Chicago  and  St.  Louis  which  may  be  affected 
by  the  operation  of  the  Main  Channel  and  Waterway  of  the  Chicago  Sanitary 
District. 

While  our  conference  was  in  every  way  satisfactory  and  resulted  in  a mutual 
understanding,  I think  it  advisable  to  state  definitely,  for  your  own  information, 
the  object  and  scope  of  the  projected  examination. 
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The  project  had  its  direct  origin  in  a communication  addressed  by  me,  No- 
vember 28,  1898,  to  the  Board  of  Trustees  of  the  Sanitary  District  of  Chicago,  in 
which  attention  was  called  to  the  growing  fear  of  St.  Louis  and  certain  towns 
in  the  lower  Illinois  Valley  that  the  operation  of  the  Main  Channel  of  the  District 
would  prove  injurious  to  the  health  of  those  communities,  by  increasing  the 
pollution  of  their  water  supplies,  and  that  this  fear  was  at  the  bottom  of  the  oppo- 
sition to  the  Channel. 

Concerning  this  I wrote : 

“My  suggestion  is  based  on  the  assumption  that  the  opposition  to  the  Drainage 
Channel  has  an  honest  animus;  that  St.  Louis  and  the  lower  Illinois  Valley  really 
believe  that  the  effect  of  the  Channel  will  be  inimical  to  their  health  by  affecting 
their  water  supplies.  The  way  to  remove  these  fears  and  allay  these  apprehen- 
sions is  to  ascertain  and  present  the  facts  truthfully  and  impartially.  I have  no 
doubt  as  to  the  result — either  as  to  the  certainty  of  demonstrating  a material 
improvement  of  the  quality  of  the  water  by  the  Channel  dilution,  or  as  to  the 
prompt  acceptance  of  the  situation  by  those  now  opposed  when  the  demonstration 
has  been  made.” 

To  ascertain  and  present  the  facts  truthfully  and  impartially,  it  is  proposed 
to  secure  a chemic  and  bacteriologic  examination  of  the  waters,  collected  at 
various  points  between  Chicago  and  St.  Louis,  beginning  at  the  earliest  possible 
moment,  and  to  be  continued  for  a corresponding  period  after  the  Channel  is 
opened,  in  order  to  compare  the  sanitary  quality  of  these  waters  before  and  after 

the  dilution  which  the  Channel  will  afford. 

• 

That  the  facts  shall  be  ascertained  and  presented  “truthfully  and  impartially,” 
it  was  originally  proposed  that  the  examinations  should  be  made  by  three  sci- 
entific institutions  of  high  reputation,  to-wit,  the  Washington  University  of  St. 
Louis,  the  University  of  Chicago,  and  the  Illinois  State  University.  Triplicate 
samples  of  the  waters  are  to  be  collected  at  the  various  points  selected,  and  one 
set  sent  to  each  institution  for  examination. 

In  conference  with  Mr.  Holman,  it  was  suggested  that  the  examinations 
in  St.  Louis  be  made  in  the  laboratory  of  the  Water  Commissioner  and  under 
his  supervision.  I see  no  objection  to  this  modification  of  the  original  plan;  it 
will  probably  result  in  greater  confidence  by  St.  Louis  in  the  results  obtained. 

The  two  Illinois  institutions  have  signified  their  readiness  to  undertake 
the  work  as  outlined,  and  I presume  it  only  needs  your  approval  of  Commissioner 
Holman’s  suggestion  in  order  that  we  may  have  an  early  meeting  of  the  repre- 
sentatives of  the  three  examining  bodies  to  arrange  details. 

Awaiting  your  action,  which  I trust  may  not  be  unduly  delayed,  and  thanking 
you  for  the  courtesies  already  extended  me,  I am,  my  dear  sir,”  etc. 

No  response  was  made  to  this  letter.  Mayor  Ziegenheim  was  again  addressed 
on  March  9th,  and  again  urged  to  join  in  the  investigation,  to  which  no  answer 
has  yet  been  received. 

The  laboratory  of  this  Department  was  then  pressed  into  service,  and  the 
work  organized  and  conducted  as  indicated  in  the  accompanying  report  of  Dr. 
Gehrmann,  Director  of  the  Municipal  Laboratory. 

(Signed)  Arthur  R.  Reynolds,  M.  D., 
Director  of  Streams  Examination,  for 

the  Sanitary  District  of  Chicago. 

As  will  be  seen  by  the  reports  of  Dr.  Gehrmann  and  Professors 
Palmer,  Jordan  and  Burrell,  the  investij:^ation  has  been  conducted  on  a 
plan  of  g-reater  magnitude  than  that  of  any  similar  inquiry  of  which  I 
have  any  knowledge.  The  scientific  gentlemen  connected  therewith  have 
been  untiring  in  their  labors  and  inspired  wholly  by  a desire  to  learn 
the  truth.  The  task  imposed  upon  them  was  one  that  appealed  to  their 
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interest  as  scientists  and  to  their  pride  and  loyalty  as  public-spirited 
citizens.  They  have  performed  an  important  work  faithfully  and  well,  and 
it  is  believed  that  the  reward  and  recognition  which  are  theirs  by  right 
will  be  freely  and  gladly  given,  now  that  the  result  of  their  labors  and 
research  are  to  be  published  in  permanent  form. 

In  this  connection,  too,  a word  should  be  said  as  to  the  scientific 
value  of  the  facts  and  data  collated  in  the  present  volume. 

While  sanitary  authorities  now  agree,  in  the  main,  on  the  self-purifica- 
tion of  water  under  certain  conditions,  there  have  been  those  who  have 
taken  the  negative  side  of  the  proposition.  The  results  herein  presented 
and  the  deductions  to  be  made  from  the  lajboratory  records  of  the  Uni- 
versity of  Illinois,  the  University  of  Chicago,  and  the  Municipal  Labora- 
tory, may  be  said  to  be  conclusive  as  establishing  the  affirmative  side  of 
the  question.  In  other  words,  it  is  now  clearly  proven  that  running  water, 
if  not  too  heavily  charged  with  organic  pollution,  will  purify  itself  through 
the  natural  bio-chemic  processes,  of  which  bacterial  action  and  insolation 
are  the  most  important.  Indeed,  it  is  now  conceded  that  unless  this  were 
true  there  would  be  no  such  thing  as  pure  water  in  streams  affected  by 
human  habitancy. 

It  only  remains  for  me  to  acknowledge  the  valuable  services  of 
Dr.  John  R.  Neely,  until  recently  connected  with  the  Department  of 
Health,  and  to  Mr.  E.  R.  Pritchard,  secretary  of  the  Department,  for  work 
done  in  the  final  preparation  of  the  present  volume  for  publication. 

The  seiwage  disposal  problem  of  Chicago  has  been  satisfactorily  and 
scientifically  solved.  Very  respectfully, 

ARTHUR  R.  REYNOLDS,  M.  D. 


REPORT  OF  THE  LABORATORY  OF  THE  CITY 

OF  CHICAGO. 


BY 

PROF.  ADOLPH  GEHRMANN,  M.  D. 

Arthur  R.  Reynolds,  M.  D.,  Director  Streams  Investigation,  Sanitary 
District  of  Chicago. 

Dear  Sir: — Following  your  instructions,  several  conferences  between 
Professor  Arthur  W.  Palmer  and  Professor  T.  J.  Burrill,  of  the  University 
of  Illinois,  and  Professor  Edwin  O.  Jordan,  of  the  University  of  Qiicago, 
and  myself,  were  held  during  January  and  February,  1899.  These  con- 
ferences, supplemented  by  considerable  correspondence,  resulted  in  de- 
cisions upon  the  following  points  connected  with  the  investigation : 

First — Localities  from  which  samples  would  be  collected. 

Second — Tliat  all  matters  relating  to  the  exact  points  in  the  rivers 
from  which  the  samples  would  be  taken  and  the  selection  of  collectors 
would  be  left  to  the  mutual  agreement  of  Professors  Palmer  and  Jordan. 

Third — That  arrangements  for  transportation  of  samples  and  equip- 
ment of  collectors  with  outfits  would  be  conducted  by  the  Health  De- 
partment Laboratory. 

Fourth — A decision  as  to  the  outfits  to  be  used  by  the  collectors. 

Fifth — The  formulation  of  a mutually  agreed  summary  of  procedure 
for  the  methods  of  analyses  to  be  used  by  the  different  laboratories. 
These  methods  appear  in  detail  elsewhere. 

As  a result  of  these  conferences  the  following  communication  was 
sent  to  you : 

“March  28,  1899. 

“Arthur  R.  Reynolds,  M.  D.,  Commissioner  of  Health. 

“Dear  Sir: — As  the  present  outline  of  the  plan  for  taking  samples 
in  the  Illinois  and  Mississippi  rivers  contemplates  the  collection  of  about 
forty  samples  weekly,  there  will,  therefore,  be  collected  during  the  year 
2,080  samples,  to  be  delivered  to  each  of  the  three  laboratories.  These 
Samples  are  to  be  in  duplicate  for  bacteriological  and  chemical  purposes. 
Tliey  are  to  be  collected  in  glass-stoppered  glass  bottles,  and  properly 
protected  by  covers  over  the  stoppers,  and  sealed.  Tlie  transportation 
is  to  be  accomplished  by  sending  wooden  cases  of  such  size  as  to  hold  the 
bottles.  The  samples  for  bacteriological  analysis  will  be  packed  in  a larger 
receptacle  filled  with  ice  during  the  warmer  periods  of  the  summer. 
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“The  pK)ints  at  which  samples  are  to  be  taken,  as  outlined  in  the 
present  program,  are  as  follows : 


Sample. 

1.  Bridgeport  Illinois  and  Michigan  Canal. 

2.  Lockport Illinois  and  Michigan  Canal. 

3.  Joliet  Illinois  and  Michigan  Canal,  upper  basin. 

4.  Joliet  Illinois  and  Michigan  Canal,  middle  basin. 

5.  Channahon  Du  Page  River. 

6.  Wilmington  Kankakee  River. 

7.  Morris Illinois  River. 

8.  Ottawa  Fox  River. 

9.  La  Salle  River  Big  Vermilion. 

10.  La  Salle  Little  Vermilion. 

11.  La  Salle  Illinois  River. 

12.  Henry Illinois  River.  , 

13.  Peoria  Illinois  River. 

14.  Pekin  Illinois  River. 

15.  Copperas  Creek  Illinois  River. 

16.  Havana  Illinois  River. 

17.  Chandlerville  Sangamon  River. 

18.  Beardstown  Illinois  River. 

19.  Pearl,  C.  & A.  R.'  R Illinois  River. 

20.  Grafton  Illinois  River. 

21.  Grafton  Mississippi,  above  Illinois. 

22.  Grafton  Mississippi,  below  Illinois. 

23.  Alton  Mississippi,  above  city. 

24.  Alton  Mississippi,  above  city. 

25.  Alton  Mississippi,  above  city. 

26.  Alton  Mississippi,  below  city. 

27.  Alton  Mississippi,  below  city. 

28.  Alton  Mississippi,  below  city. 

29.  Bellefontaine  Missouri  River. 

30.  St.  Louis  Mississippi,  below  Missouri. 

31.  St.  Louis  Mississippi,  below  Missouri. 

32.  St.  Louis  Mississippi,  below  Missouri. 

33.  St.  Louis  Mississippi,  below  Missouri. 

34.  St.  Louis  Mississippi,  below  Missouri. 

35.  St.  Louis  Mississippi,  below  the  city. 

36.  St.  Louis  Mississippi,  below  city. 

37.  St.  Louis Mississippi,  below  city. 

38.  St.  Louis  Mississippi,  below  city. 

39.  St.  Louis  Mississippi,  below  the  city. 

40.  St.  Louis  City  water  supply. 


“I  have  obtained  a rough  estimate  of  the  outfits  that  will  be  required 
for  the  collection  of  the  samples,  basing  the  general  requirement  upon 
the  40  samples  a week  to  each  laboratory,  with  sufficient  cases  and  extra 
bottles  to  prevent  any  possible  delay  in  sending  the  samples,  or  in  case 
accidents  should  cause  breakage.  Two  hundred  complete  outfits  have 
been  decided  upon  as  the  proper  number  to  consider  in  the  first  estimate. 

“Respectfully, 

“ADOLPH  GEHRMANN,  M.  D., 
“Director  of  Laboratory.” 
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Supplies  were  purchased  and  the  required  number  of  outfits  for  the 
collectors  was  prepared.  After  some  difficulty  satisfactory  arrangements 
for  transportation  of  the  shipping  cases  were  made  with  the  express  com- 
panies. Upon  advice  from  Professor  Palmer  and  Professor  Jordan,  the 
collectors  were  supplied  with  outfits  and  instructions.  The  following 
general  letter  of  instructions  was  sent  to  each  man  thus  selected : 

“Chicago,  May  19,  1899. 

“Mr.  , Collector  at . 

'‘Dear  Sir: — According  to  arrangements  that  have  been  made  by 
Professors  Jordan  and  Palmer,  you  are  to  make  collection  of  samples  of 
water  for  the  Chicago  Sanitary  District. 

“These  samples  are  to  be  collected  of  each  week  from  the  lo- 

cality designated  by  them.  From  each  spot  from  which  water  is  obtained 
three  separate  samples  must  be  collected ; as  each  sample  is  represented 
by  a large  bottle  and  a small  one,  six  bottles  must  be  filled  with  water. 

“The  shipping  cases  and  outfits  have  been  sent  to  y-^ou.  The  tags, 
seals  and  numbers  you  will  find  in  one  of  the  three  cans  belonging  to 
each  sample.  There  is  one  press  for  the  seals ; this  bears  a number.  This 
is  your  number  as  collector. 

“The  three  samples  are  to  be  packed  in  the  shipping  cases  and 
sent  to  the  three  addresses  indicated  upon  the  shipping  envelopes.  The 
shipping  envelope  is  to  be  fastened  to  the  neck  of  the  large  bottle  by 
the  wire  seal;  the  small  bottles  do  not  require  shipping  envelopes. 

“The  samples  are  to  be  numbered  with  the  tin  tags  bearing  num- 
bers. Use  the  numbers  in  regular  order.  As  there  are  six  bottles  from 
each  locality,  there  are  six  tags  numbered  alike,  and  one  of  these  is  to 
be  fastened  by  the  seal  to  each  bottle.  In  putting  on  the  seals  pass  the 
wire  in  and  out  through  the  holes  in  the  cloth  cover  of  the  bottle. 

“Read  carefully  the  instructions  on  the  cards  that  go  in  the  shipping 
envelopes. 

“The  bills  for  this  service  ate  to  be  rendered  monthly  and  must 
be  made  out  in  duplicate  as  follows : 

“Chicago  Sanitary  District, 

“Arthur  R.  Reynolds,  M.  D. 

“Director  of  Streams  Examination, 
“41 1 City  Hall,  Chicago. 

“The  bill  must  state  the  dates  and  places  of  taking  samples.  Should 
you  desire  additional  information  upon  any  point  or  wish  to  give  up  the 
collection  of  samples  at  any  time,  please  write  to  me. 

“Very  respectfully, 

“(Signed.)  ARTHUR  R.  REYNOLDS,  M.  D., 
“Director  of  Streams  Examination.” 

Subsequent  to  this  another  circular  letter  was  directed  to  each  sta- 
tion calling  special  attention  to  certain  points  that  apparently  were  not 
clearly  understood.  By  this  means  and  also  through  considerable  personal 
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correspondence,  the  collectors  came  to  attend  to  their  duties  with  accu- 
racy and  expedition.  Much  credit  is  due  these  collectors  for  the  success 
of  the  investigation. 

Supplemental  instructions  sent  to  collectors : 

“Chicago,  May  31,  1899. 

“Mr. , Collector  at . 

“Dear  Sir: — It  is  desired  that  you  proceed  in  the  following  manner 
regarding  the  packing  of  the  small  sample  bottles  in  the  cans : When  the 
bottle  is  placed  in  the  small  can  the  lid  must  be  pressed  firmly  in  place  so  as 
to  prevent  water  getting  into  it.  The  smaller  can  is  then  to  be  packed  in 
ice  in  the  large  can.  This  can  must  be  completely  filled  zvith  ice.  In  the 
shipping  case  the  packing  paper  goes  around  the  can,  and  excelsior  is  to 
be  stuffed  into  the  corners  and  packed  over  the  top  of  the  can,  filling  up 
to  the  top  of  the  shipping  case.  The  ice  must  be  kept  from  melting  as  well 
as  possible. 

“We  are  about  to  send  you  one  complete  outfit  for  sample  to  use 
in  case  of  accident  to  any  of  the  regular  bottles  or  cans  that  are  in  use. 
This  you  will  keep  until  used. 

“We  are  also  sending  you  the  thermometers  for  taking  temperature. 
These  you  will  find  in  one  of  the  shipping  cases  returned  to  you. 

“Yours  very  truly, 


In  June  of  1899  this  part  of  the  service  was  moving  smoothly,  and 
it  was  now  considered  that  the  men  were  sufficiently  experienced  to  begin 
the  official  series  of  samples.  At  this  time  the  complete  list  of  collectors 
was  as  follows : 

MONDAY. 

1.  111.  and  Mich.  Canal Bridgeport,  500  feet  west  of  pumping  station. 

2.  111.  and  Mich.  Canal Lockport. 

3.  Desplaines  River Lockport. 

4.  111.  and  Mich.  Canal  (north) . Joliet,  E.  bank  of  N.  of  Jackson  street. 

5.  111.  and  Mich.  Canal  (south). Joliet,  E.  bank  of  R.  L.  Ry  bridge. 

6.  Kankakee  River  Wilmington. 

7.  Illinois  River  Morris,  at  bridge. 

8.  Fox  River  Ottawa,  above  canal  viaduct. 

9.  Illinois  River  Ottawa. 

111.  and  Mich.  Canal Ottawa. 

TUESDAY. 

10.  Big  Vermilion  River La  Salle,  at  bridge. 

11.  Collection  from  Little  Vermil- 

ion River  once  in  four 

weeks  111.  and  Mich.  Canal. 

12.  Illinois  River  La  Salle,  at  wagon  bridge. 

13.  Illinois  River  Henry,  at  dam. 

14.  Illinois  River  Peoria,  Averyville  bridge,  at  narrows  No.  ii. 

15.  Illinois  River  Wesley  City. 

16.  Illinois  River Pekin. 

17.  Illinois  River  Havana,  above  mouth  of  Spoon  River  and  Quiver 

Lake. 

18.  Sangamon  River  Chandlerville. 
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WEDNESDAY. 


19. 

20. 


21. 

22. 

23. 

24. 
25- 

26. 

27. 


28. 

29. 

30. 
31- 


32. 


33- 

34- 

35- 
36. 

37- 

38. 


I. 


2. 


3- 

5- 

6. 

7- 

8. 

9- 

10. 


II. 


12. 

13- 

14. 

15- 

16. 

17- 


18. 


Illinois  River  . . . . 
Illinois  River  . . . . 
Illinois  River  . . . 
Mississippi  River 
Mississippi  River 
Mississippi  River 
Mississippi  River 
Mississippi  River 
Misissippi  River  . 


Mississippi  River  . . . 
Mississippi  River  . . 
Misissippi  River  . . 
Mississippi  River  . . . . 
Missouri  River  .... 

Mississippi  River  . . 
Mississippi  River  . . 
Mississippi  River  . . 
Mississippi  River  . . 
Mississippi  River  . . 
St.  Louis,  Mo.,  tap 


Beardstown. 


Kampsville,  above  dam. 

Grafton,  2 miles  above,  in  mouth  of 
Grafton,  above  mouth  of  Illinois. 
Alton,  111.,  100  ft  from  E.  bank  , 
Alton,  111.,  E.  of  middle 
Alton,  111.,  mid-stream 
Alton,  111.,  W.  of  middle 
Alton,  111.,  100  ft  from  W.  bank, 
head  of  dike 


Illinois  River. 


Opposite 

new 

pumping 
station  of 
city  water 
works. 


THURSDAY. 

Mitchell,  400  yds.  from  111.  shore 
Mitchell,  main  channel 
Mitchell,  inlet  tower 
Mitchell,  400  ft.  from  Mo.  shore 
W.  Alton,  111.,  at  C.,  B.  & Q.  Ry 
bridge 

Jefferson  Barracks,  E.  bank. 

Jefferson  Barracks,  E.  middle  of  stream. 
Jefferson  Barracks,  mid-stream. 

Jefferson  Barracks,  W.  of  middle. 
Jefferson  Barracks,  W:  bank. 

St.  Louis,  Mo. 


At  St.  Louis 
city 

pumping 

station. 


COLLECTION  OF  SAMPLES. 


Bridgeport,  i sample 

Lockport,  I sample 

Joliet,  2 samples  

Morris,  i sample 

Ottawa,  2 samples  

La  Salle,  3 samples 

Henry,  i sample 

Peoria,  Avery ville,  i sample.. 
Wesley  City,  i sample  

Pekin,  111.,  i sample 

Havana,  i sample 

Chandlerville,  i sample 

Beardstown,  i sample 

Kampsville,  i sample 

Grafton,  3 samples 

Alton,  111.,  s samples 

Mitchell,  4 samples  


j Illinois  and  Michigan  Canal,  collector  J.  E. 
i Thomas,  Asst.  Eng.  Pumping  Station. 

( Canal  and  Desplaines  River,  collector  P.  W. 
/ O’Brien,  Lockport. 

j Both  from  Canal,  Ray  Hurd;  collector  R.  P. 
i Elliott,  Agt.  U.  S.  Exp. 
j Illinois  River,  J.  W.  Miller,  Box  712;  collector 
( James  Mack,  Morris. 

j Fox  River  and  Canal,  collector  Dennis  Foley, 
/ Ottawa,  111. 

i Big  Vermilion,  Little  Vermilion  and  Illinois 
} Rivers,  collector  Dr.  Wm.  Fraser, 
i Illinois  River,  collector  Jas.  McCune,  Henrv, 
} 111.  _ 

\ Illinois  River,  collector  D.  J.  Forbes,  Peoria 
{ w'aterworks,  Peoria. 

j Illinois  River,  collector  D.  H.  Jansen,  Co. 
( Surveyor. 

J Illinois  River,  collector  D.  H.  Jansen,  Co. 
i Surveyor. 

Illinois  River,  collector  H.  J.  Heberling. 
Sangamon  River,  collector.  E.  O.  Spink. 

\ Illinois  River,  collector  J.  A.  Carney,  C.,  B.  & 

I Q.  Ry. 

j Illinois  River,  collector  C.  V.  Brainard,  Asst. 
I U.  S.  Eng. 

j Illinois,  Mississippi  and  Missouri  Rivers,  col- 
I lector  B.  F.  Robinson  Grafton. 

j All  from  Mississippi  River,  collector  Geo. 
I Brooks,  Alton. 

j Mississippi  River,  collector  Henrv  Atkins, 
] Mitchell. 


IQ. 

20. 


West  Alton,  Mo.,  i sample. . . j 
St.  Louis,  Mo.,  I sample ■! 


Missouri  River,  collector  Jas.  Mathews,  West 
Alton. 

Mississippi  River  and  St.  Louis  tap,  collector 
Aug.  Johnson,  407  Espensheid  street. 


These  general  arrangements  remained  in  force  during  the  period  of 
the  investigation. 


ANALYSES  OF  LAKE  MICHIGAN  WATER  IN  THE  HEALTH 
DEPARTMENT  LABORATORY. 

A systematic  analysis  of  the  city  water  supply  from  Lake  Michigan 
has  been  made  since  January,  1894.  During  1894  samples  were  collected 
weekly,  but  from  January,  1895,  daily  samples,  exclusive  of  Sundays 
and  holidays,  have  been  examined.  Full  details  of  these  analyses  have 
been  published  from  time  to  time  in  the  reports  of  the  Department  of 
Health.  Previous  to  the  opening  of  the  main  drainage  channel  in  Janu- 
ary, 1900,  a very  close  relation  between  rainfall  and  the  sanitary  quality 
as  shown  by  analysis  was  demonstrated.  Since  that  date  this  close  re- 
lationship has  failed. to  appear  on  numerous  occasions,  and  although  the 
evidence  of  contamination  appears  at  irregular  intervals,  there  is  in 
general  much  improvement,  especially  as  shown  in  the  analyses  of 
samples  from  the  intakes  farthest  from  shore.  As  a large  area  south 
of  Thirty-fifth  street  and  east  of  Clark  street,  and  another  north  of 
Fullerton  avenue,  still  drain  into  Lake  Michigan,  the  source  of  pollution 
is  still  apparent,  and  not  until  the  sewers  in  these  areas  are  connected  with 
the  intercepting  sewer  system  can  much  improvement  over  present  con- 
ditions be  expected. 

The  results,  of  the  analyses  made  in  the  laboratory  of  the  depart- 
ment, which  appear  in  the  tabulations,  give  evidence  of  the  purification 
taking  place  in  the  waters  of  the  main  drainage  channel  and  in  the  Illinois 
River.  On  all  of  the  main  points  these  are  in  entire  agreement  with 
the  results  of  our  colleagues  in  the  investigation.  The  slight  variations 
in  individual  analyses  are  due  to  differences  in  time  between  collection 
and  analysis  and  variations  in  temperature  of  the  samples.  The  series 
of  analyses  made  by  us  does  not  cover  as  long  a period  as  those  of  our 
associates ; this  was  occasioned  by  the  increase  in  the  regular  work  of  the 
laboratory  and  also  by  changes  in  our  working  force.  For  the  same 
reasons  special  summaries  of  the  results  were  not  prepared.  Indeed,  as 
these  would  be  simply  repetitions  of  those  that  are  presented,  they  would 
not,  in  the  least,  change  the  outcome  of  the  investigation. 

CONDITIONS  IN  LAKE  MICHIGAN. 

The  water  front  of  the  city  is  21  miles  in  extent.  Farther  north 
are  numerous  towns,  the  sewage  of  which  drains  directly  into  the  lake, 
while  to  the  south  the  Calumet  River,  highly  polluted  with  house  drainage 
and  manufacturing  refuse,  is  an  important  source  of  pollution.  How- 
ever, all  polluted  water  leaching  the  intakes  is  highly  diluted  and  subject 
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to  more  or  less  dij^estion  as  it  lays  along  near  shore  and  purification  by 
mixture  with  fresh  lake  water  in  passing  into  the  lake  two  or  four 
miles. 


WHAT  MAY  BE  COXSIDERED  AS  NORMAL  LAKE  WATER. 


To  determine  this,  samples  have  been  collected  at  intervals  at  a 
distance  of  ten  to  twelve  miles  from  shore  and  a varying  depth  from 
ten  feet  below  the  surface  to  a depth  of  fifty  feet. 

Analysis  of  Lake  Michigan  water  taken  twelve  miles  east  of  the 
mouth  of  Chicago  River ; 
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Total  solids  

■Loss  on  ignition  

Fixed  mineral  solids  

Chlorine  

Free  ammonia  

Albuminoid  ammonia  

Nitrogen  as  nitrates  

Nitrogen  as  nitrites  

Total  nitrogen  

Oxygen  consumed  in  lo  min 

Bacteria  per  cc 

Pathologic  bacteria  absent. 

(In  parts  per  million.) 


130.00 

24.00 

106.00 
• 5-50 

none 
.08 
none 
none 
.064 
1 .600 
520 


October  23,  1896 — ten  feet  below  the  surface. 

Day  clear;  wind  west;  wind  movement  for  previous  twenty-four  hours,  315 
miles ; precipitation,  none ; mean  temperature,  42°  F. 


This  may  be  taken  as  an  average  analysis  of  the  lake  water  under 
most  favorable  conditions.  However,  it  may  be  said  in  regard  to  the 
number  of  bacteria  jx'r  cubic  centimeter  that  this  will  be  lower  in  most 
instances.  1 he  count  as  usually  found  during  the  best  periods  is  less  than 
100  per  cubic  centimeter. 

1 he  extent  to  which  the  area  of  contamination  will  pass  into  the  lake 
has  been  shown  by  similar  series  of  samples,  and  from  these  it  has  been 
found  to  extend  ten  miles  from  shore. 

Samjiles  collected  ten  miles  from  shore  upon  the  davs  as  noted  showed 
jiresence  of  B.  coli  communis  or  an  allied  varietv. 

October  25,  1900,  B.  coli  communis. 

November  23,  19CO.  colon  group  bacilli. 

December  6,  1900,  B.  coli  communis. 

Ai)ril  12,  1901,  colon  group  bacilli. 

Samples  taken  July  12.  .August  2.  .August  9.  September  B.  Sejttember 
20.  1900,  and  on  .Aitril  3 and  June  2().  1901.  at  alxuit  the  same  place.  10 
miles  east  from  the  mouth  of  the  C'hicago  River,  showed  absence  of  the 
.colon-tyjihoid  grou])  of  bacteria. 

The  daily  examination  has  included  regular  samples  from  the  intake 
Inmu'ls  as  follows: 


l.s 


Fourteenth  street,  four-mile  tunnel  off  Peck  court. 

Chicago  avenue,  two-mile  tunnel  off  Chicago  avenue. 

Hyde  Park,  two-mile  tunnel  off  Sixty-seventh  street. 

Lake  View,  two-mile  tunnel  off  Montrose  boulevard. 

Since  January  ist  regular  samples  from  Carter  H.  Harrison  Crib, 
three  miles  off  Oak  street,  and  from  Rogers  Park  water  supply  have 
been  examined.  These,  however,  are  not  important  in  this  connection, 
as  there  are  no  earlier  analyses  with  which  to  make  comparisons. 

In  order  to  show  the  variation  taking  place  in  the  quality  of  the 
water,  samples  have  been  collected  every  hour  during  twenty-four-hour 
periods.  The  following  is  a report  that  was  rendered  upon  such  a special 
series  of  samples : 

“Chicago,  Aug.*  23,  1900. 


“Dr.  F.  W.  Reilly, 

Assistant  Commissioner  of 

Health. 

"'Dear  Sir: — In 

accordance  with 

your  request  a series 

of  water 

samples  was  collected  from  the  tap  in  ' 

the  Fourteenth  street 

pumping  sta- 

tion  every  hour  for  a period  of  ten  hours,  beginning  August  20  at  7 p.  m. 

The  result  of  the  chemical  examinations  of  these  samples  is 

as 

follows : 

August  20 — • 

Oyygen 

Free 

/ Ibuniinoid  Chlorine. 

consumed  in 

Sample  So.  Time- 

ammonia. 

ammonia. 

10  min. at  loO°  C 

87a.S — 7 p.  m 

000 

.005 

.60 

.260 

8734 — 8 p.  m 

001 

.005 

.60 

.260 

8735 — 0 p.  m 

000 

.008 

.60 

.230 

8736 — 10  p.  m 

000 

.008 

.60 

.230 

8737 — 11  p.  m 

002 

.008 

.60 

.300 

8738—12  p.  m 

001 

.008 

.60 

.320 

August  21 — 

8730 — 1 a.  m 

000 

.000 

.60 

.250 

8740 — 2 a.  m 

001 

.006 

.60 

.250 

8741 — 3 a.  m 

000 

.008 

.6(1 

.210 

8742 — 4 a.  m 

000 

.007 

.60 

.240 

In  parts  per 

100,000. 

August  20 — 

Xo.  Micro-Organisms  Pathogenic 

Sanitary 

Xo.  Time. 

per  cubic  centimeter.  organisms  found. 

quality. 

8733 — 7 p.  m 

300 

X’one. 

Good. 

8734 — 8 p.  m 

60 

None. 

Good. 

873.5 — 0 p.  m 

125 

None. 

Good. 

8736 — 10  p.  m 

115 

None. 

Good. 

8737 — 11  p.  m 

1.55 

None. 

Good. 

8738—12  p.  m 

45 

None. 

Good. 

August  21 — 

8730 — 1 a.  m 

None. 

Good. 

8740 — 2 a.  m 

65 

None. 

Good. 

8741 — 3 a.  m 

None. 

Good. 

“The  result  of  this  examination  shows  that  during  this  period  there 
was  nothing  more  than  slight  changes  in  the  character  of  the  water. 
The  sanitary  quality  of  all  the  samples  would  be  rated  as  ‘good.’ 

“The  presence  of  free  ammonia  in  four  of  the  samples  cannot  be  taken 
as  an  indication  of  serious  pollution ; although  the  normal  lake  water 
seldom  contains  more  than  traces  of  free  ammonia. 

“The  average  amount  of  albuminoid  ammonia  as  determined  bv  our 
analyses  of  the  samples  taken  as  far  as  ten  miles  into  the  lake  shows 
that  it  ranges  between  .007  and  .009  per  100,000.  As  far  as  the  albumin- 
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oid  ammonia  figures  are  concerned  in  this  series,  the  indication  would  be 
plain  that  unpolluted  lake  water  was  being  taken  from  the  four-mile 
crib.  Very  respectfully, 

“ADOLPH  GEHRMANN,  M.  D., 

“Director  of  Laboratory,” 

TABLES  SHOWING  VARIATIONS  IN  SANITARY  QUALITY 

OF  LAKE  WATER. 

The  following  tabulations  are  summaries  of  all  the  analyses  of 
samples  collected  at  the  pumping  stations  during  1896  to  1901,  inclusive, 
and  present  the  average  for  each  station  for  the  years  named : 


III  Farts  iier  100,000 

» 

Free 

.•Uhiimiiioid 

(Lvygen 

itacie'a. 

Fercent.  times 

Years.  Stations 

ammonia. 

ammonia. 

Clilorine. 

consumed. 

l»er  c.c. 

bacteria  found. 

14th  Street  .... 

. . .00185 

.00701 

.317 

.157 

3,841 

4.21  Fatho- 

Chicago  Avenue. 

ISJ6  jjy^g  

..  .00181 

.00765 

.323 

.172 

7,008 

7.14  genic 

. . .00146 

.00671 

.325 

.158 

6,015 

7.14  for 

Lake  View  . . . . 

. . .00151 

.00881 

.328 

.184 

7,511 

0.92.\nlmals. 

14th  Street  .... 

. . .0004 

.0060 

.280 

.181 

6,840 

16.5 

Chicago  Avenue 

IHJ/  J^Jy^g  

. . .0012 

.0065 

.327 

.229 

10,516 

24.5 

. . .0002 

.0062 

.322 

.198 

8,405 

20.3 

Lake  View  .... 

. . .0017 

.0065 

.309 

.193 

10,095 

20.4  H,  I'oll 

Conini  u- 

14th  Street 0004  .0035  .325  .177  990  13.0  nis. 

1UOU  Chicago  Avenue  ..  .0010  .0038  .333  .203  2,032  19.7 

18JH  QQQ5  Q039  .335  .207  1,380  19.1 

Lake  View  0005  .0033  .328  .185  2,206  12.8 


14th  Street  . . . . 
Chicago  Avenue 

1809  Hyde  Park  

Lake  View  .... 

. . .0012 

. . .0011 

. . .0011 

. . .0011 

.0047 

.0048 

.0047 

.0043 

.337 

.331 

.335 

.337 

.147 

.151 

.167 

.166 

645 

1,323 

786 

400 

30.3 

48.2 

44.4 

35.9 

14th  Street  . . . . 
Chicago  Avenue 

loot)  yyjjg  

Lake  View  .... 

. . .0019 

. . .0024 

. . .0019 

. . .0018 

.0124 

.0123 

.0117 

.0119 

.318 

.316 

.317 

.317 

.178 

.207 

.181 

.183 

227 

518 

409 

330 

23.2 

53.4  Tyidio- 

48.4  Colon 

32.3  croup. 

14th  Street  . . . . 

. . .0012 

.0094 

.312 

.164 

1,161 

23.0 

,0,,,  Chicago  Avenue 

. . .0017 

.0099 

.319 

.191 

1,558 

38.1 

1901  Hyde  Park  

. . .0014 

.0091 

.318 

.163 

1,673 

35.0 

Lake  View  .... 

. . .0008 

.0091 

.318 

.165 

1,570 

26.5 

During  the  first  three  months  of  1902  a marked  improvement  in 
quality  is  manifest,  as  shown  by  percentages  of  samples  in  which  the 
pathogenic  bacteria  were  found  during  this  time. 


1902.  January.  February.  March.  Average. 


14th  Street  Station  11. 5 o.O  0.0  3.8 

Chicago  Avenue  Station 42.3  54.5  4 0 33  6 

Hyde  Park  Station  30.8  13.6  4.0  16  1 

Lake  View  Station  7.7  o.O  0 0 2 6 


As  each  step  in  the  general  scheme  for  pure  water  has  been  made, 
a degree  of  improvement  corresponding  to  it  has  been  noted.  Each  time 
that  serious  contamination  has  been  noted  the  evidence  for  it  has  been 
obvious,  and  as  soon  as  the  fault  was  corrected,  the  quality  of  the  water 
returned  rapidly  to  the  status  before  the  special  period  of  pollution. 

Respectfully  submitted, 

ADOLPH  GEHRMANN,  M.  D., 
Director  of  Laboratory. 

•JO 


REPORT  OF  THE  UNIVERSITY  OF  CHICAGO. 


BY 

PROF.  E.  O.  JORDAN,  Ph.  D. 


Arthur  R.  Reynolds,  M.  D.,  Director  of  Streams  Examination. 

Dear  Sir: — I beg  to  submit  herewith  the  final  and  complete  report 
upon  the  chemical  and  bacterial  analyses  conducted  under  my  direction 
in  behalf  of  the  Sanitary  District  of  Chicago.  These  analyses  cover  a 
period  extending  from  May  i,  1899,  to  July  i,  1900,  and  embrace  about 
two  thousand  chemical  and  bacterial  determinations.  Regular  weekly 
analyses  have  been  made  of  water  samples  collected  from  the  Illinois  and 
Michigan  Canal,  from  various  parts  of  the  Desplaines  and  Illinois  rivers 
and  from  the  principal  tributaries  of  the  Illinois  River ; regular  examina- 
tions have  also  been  made  of  samples  from  the  Mississippi  River  at  sev- 
eral points,  from  the  Missouri  River  and  from  the  St.  Louis  city  water 
supply.  The  reasons  governing  our  choice  of  the  points  for  collection 
are  stated  in  detail  elsewhere  (pp.  47-54).  With  two  exceptions  the 
collecting  stations  have  been  visited  conjointly  by  Professor  Palmer  and 
myself,  and  all  of  the  more  important  stations  have  also  been  visited 
separately  by  us  both. 

Throughout  the  investigation  I have  been  assisted  on  the  chemical 
side  by  Mr.  F.  L.  Stevens,  Ph.  D.  (Chicago),  and  on  the  bacterial  side 
by  Mr.  E.  E.  Irons,  S B.  The  continued  faithfulness,  zeal  and  high  effi- 
ciency with  which  they  have  carried  on  their  work  deserve  especial  men- 
tion. I have  also  been  assisted  in  special  ways  at  various  times  by  Messrs. 
W.  G.  Sackett,  W.  L.  Sayer  and  C.  B.  Davis. 

DESCRIPTION  OF  METHODS  EMPLOYED  AND  RESULTS  OB- 
TAINED IN  THE  REGULAR  ROUTINE  EXAMINATION. 

(a)  Method  of  Collection.  Explicit  instructions  were  given  to  all 
collectors  concerning  the  methods  to  be  employed,  and,  in  addition,  printed 
directions  were  sent  out  weekly  with  each  collecting  bottle.  The  bacterial 
samples  were  collected  in  wide-mouth  four-ounce  glass  bottles,  which 
were  sterilized  in  the  laboratory,  enclosed  in  a tight-fitting  metal  case, 
which  was  itself  placed  in  a large  packing  canister,  ten  inches  deep  and 
six  and  one-half  inches  in  diameter,  and  the  whole,  together  with  the 
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corresponding  bottle  for  the  chemical  samples,  fitted  into  a wooden  box, 
one  such  outfit  being  shipped  to  the  collector  each  week.  Great  pains  were 
taken  to  insure  that  the  sample  was  obtained  with  due  bacterial  precau- 
tions, and  in  order  to  emphasize  the  instructions  given  to  the  collector 
personal  visits,  involving  careful  supervision  and  recurrent  demonstration, 
were  made  frequently  to  all  the  more  important  points  of  collection.  The 
water  sample  was  always  taken  at  a point  about  eight  inches  below  the 
surface  and  in  midstream,  except  at  Joliet  and  save  where  cross-sections 
were  taken.  The  bottle  of  water  was  placed  in  its  covered  case  as  soon 
as  collected,  and  this  case  was  then  packed  in  the  canister  and  completely 
surrounded  with  ice.  The  hour  of  collection  was  always  timed  to  permit 
of  as  speedy  shipment  as  possible. 

The  chemical  samples  were  collected  in  glass-stoppered  bottles  of 
one-gallon  capacity.  These  were  cleaned  with  chromic  acid  cleaning  mix- 
ture each  time  before  being  sent  out  from  the  laboratory,  thoroughly 
rinsed  with  ammonia-free  water  and  drained.  The  stoppers  were  secured 
in  place  by  tying  tightly  over  them  a piece  of  rubber  cloth.  After  filling 
the  bottle  the  cloth  cap  was  fastened  in  place  with  wire  which  was  sealed 
with  stamped  metal. 

(b)  Methods  of  Physical  and  Chemical  Analysis.  A serial  number 
was  assigned  to  each  sample  immediately  upon  its  receipt  in  the  laboratory, 
and  this  number  was  also  placed  upon  the  collector's  certificate.  The  seal 
was  then  broken  and  the  cover  of  the  stopper  removed.  Any  dust  adher- 
ing was  carefully  wiped  away,  and  a few  cubic  centimeters  of  tbe  sample 
were  poured  out  to  wash  the  lip  of  the  bottle.  About  1,500  c.c.  of  the 
water  were  then  filtered  through  a double  filter  (Munchfilter,  Xo.  o), 
which  had  been  carefully  washed  with  a half  liter  or  more  of  pure  water. 
The  determinations  of  the  "nitrites”  and  "nitrates”  have  been  made  first, 
followed  by  the  "ammonias’’  and  oxygen  consumed.  The  "date  of  collec- 
tion” recorded  in  the  table  is  takai  from  the  collector's  certificate  that 
accompanies  each  sample;  the  "date  of  examination”  refers  to  the  date  of 
making  the  nitrate  and  nitrite  determinations  and  the  ammonia  analyses. 
I'he  determinations  of  the  residue  and  chlorine  have  been  completed  as 
soon  as  practical)le.  The  results  are  all  expressed  in  parts  per  million. 

1 he  loss  on  ignition  of  the  residue  on  evaporation  was  omitted,  since 
analysts  are  now  generally  agreed  that  the  information  furnished  bv  this 
determination  is  not  valuable  enough  to  compensate  for  the  labor  involved. 


Turbidity  and  Sediment. — The  turl)idity  and  sediment  have  been 
determined  in  the  laboratory  merely  by  ocular  inspection  and  are  ex- 
pressed by  the  conventional  adjectives  "slight.”  "distinct.”  "decided”  or 
"muddy,”  as  regards  turbidity  ; "very  little.”  "little.”  "considerable”  or 
“much,”  to  indicate  tbe  sediment. 


In  the  absence  of  anv  recognized  standard  at  tbe  time  this  investiga- 
tion was  undertaken  this  seemed  to  be  the  best  method  available,  although 
it  proved  far  from  satisfactory. 

Color. — b'or  the  sake  of  uniformity  with  previous  examinations  of  the 
waters  ('ealt  with,  tbe  color  of  the  filtered  water  has  been  tiscertained  by 


comparison  with  nessler  standards,  in  which  .01  m.  g.  of  N.  as  ammonia 
is  taken  as  a unit  of  color. 

Odor. — The  odor  is  recorded  either  as  “gassy”  or  as  “none,”  with 
no  attempt  to  classify  further. 

Residue. — The  total  and  dissolved  residues  on  evaporation  have  been 
determined  by  evaporating  100  c.c.  of  the  unfiltered  and  filtered  waters, 
respectively,  in  a weighed  platinum  dish  over  the  steam  bath  at  about 
100°  C.  The  dish  with  the  residue  is  then  heated  to  a temperature  of 
170°- 180°  for  one  hour  and  the  weight  taken,  after  cooling  in  a desiccator 
over  calcium  chloride. 

Chlorine. — The  ordinary  process  of  titration  with  silver  nitrate  has 
been  followed  (Report  of  Massachusetts  State  Board  of  Health,  1896, 
Purification  of  Sewage  and  Water,  p.  723),  50  c.c.  of  water  being  used. 
Potassium  chromate,  i c.c.  of  a 5 per  cent  solution,  is  used  to  indicate 
the  end  of  the  reaction.  When  the  amount  of  chlorine  was  presumed 
to  be  low  (under  fifteen  parts  per  million)  a measured  quantity,  usually 
250  c.c.  of  the  sample,  was  concentrated  to  less  than  50  c.c.  before 
titrating. 

Oxygen  Consumed. — One  hundred  cubic  centimeters  of  the  sample 
were  measured  into  an  Erlenmeyer  flask  of  about  300  c.c.  capacity  and 
acidulated  by  the  addition  of  5 c.c.  of  concentrated  sulphuric  acid.  Ten 
cubic  centimeters  of  standard  potassium  permanganate  solution  were  then 
added  and  the  sample  allowed  to  remain  in  boiling  water  for  thirty  min- 
utes, more  permanganate  being  added,  if  needed,  to  prevent  complete 
loss  of  color.  Upon  removal  from  the  bath,  ten  cubic  centimeters  of 
standard  oxalic  acid  solution  were  added  and  the  sample  titrated  back 
to  a just  perceptible  pink  color  with  permanganate.  Great  care  was  taken 
to  insure  that  the  process  was  carried  out  in  the  same  way  at  each  deter- 
mination, and  to  this  end  quantity,  time  and  temperature  were  made 
strictly  uniform. 

Nitrogen  as  Free  Ammonia. — A half  liter  of  the  water,  or  less  if 
the  nitrogen  content  was  very  high,  was  rendered  alkaline  by  the  addition 
of  5 c.c.  of  20  per  cent  sodium  carbonate  solution  and  distilled  in  glass 
flasks  through  a block  tin  tube  condenser ; the  rate  of  distillation  was 
such  that  50  c.c.  were  collected  in  about  ten  minutes.  The  distillate  was 
caught  in  three  50-c.c.  nessler  tubes  and  the  tubes  nesslerized  separately 
unless  the  ammonia  was  high,  in  which  case  200  c.c.  of  the  distillate  were 
caught  in  a graduated  flask  and,  after  thorough  mixing,  an  appropriate 
aliquot  portion  was  taken  in  a tube  for  nesslerization.  Before  each 
analysis  the  flasks  and  condenser  were  steamed  until  free  from  ammonia. 

Nitrogen  as  Albuminoid  Ammonia. — To  the  residue  from  the  last 
operation  50  c.c.  of  the  ordinary  alkaline  permanganate  solution  were 
added  and  the  distillation  continued,  the  distillate  being  collected  either 
in  tubes  or  flasks,  according  to  the  quantity  of  ammonia  present.  A 
small  amount  of  rather  coarse,  thoroughly  burned  pumice  has  been  found 
very  useful  in  this  process  as  a preventive  of  bumping,  which  is  other- 
wise extremely  troublesome. 
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Nesslerization. — The  determination  of  the  amount  of  ammonia  in 
the  distillate  was  made  in  the  usual  way  by  comparison  with  standard 
ammonia  tubes.  This  process  is  greatly  facilitated  by  the  use  of  a nessler- 
izing  cabinet,  which  is  constructed,  in  a somewhat  modified  form,  upon 
the  same  principle  as  one  which  has  been  in  use  for  some  years  in  Pro- 
fessor Palmer’s  laboratory  at  the  University  of  Illinois.  Eighteen  stand- 
ards are  used,  ranging  in  value  from  .004  to  .13  parts  per  million.  Fresh 
standards  are  made  for  each  nesslerization,  and  the  nessler  solution  is 
added  to  them  and  simultaneously  to  the  distillates,  which  have  been 
cooled  to  the  room  temperature.  The  readings  are  made  about  thirty 
minutes  later. 

Nitrogen  as  Nitrates. — The  nitrates  have  been  determined  by  the 
aluminum  reduction  method,  which  has  not  proven  very  satisfactory  for 
many  of  the  waters  dealt  with,  but  which  has  been  adhered  to  for  the  sake 
of  uniformity.  Two  and  one  half  cubic  centimeters  of  33  per  cent  nitrogen- 
free  sodium  hydroxide  solution  were  added  to  100  c.c.  of  the  sample  and 
the  mixture  boiled  rapidly  to  a volume  less  than  50  c.c.,  in  order  to  drive 
off  the.  free  ammonia.  After  cooling,  the  residue  was  poured  into  a tall 
tube,  its  volume  made  up  to  50  c.c.,  and  a strip  of  aluminum  added.  After 
about  twelve  hours,  when  reduction  is  complete,  the  aluminum  is  removed 
and  the  tube  allowed  to  stand  till  the  supernatant  fluid  is  clear.  A meas- 
ured portion,  usually  10  c.c.  or  20  c.c.,  is  then  pipetted  into  a nessler  tube, 
diluted  to  the  mark  and  nesslerized  directly. 

Nitrogen  as  Nitrites. — A modification  of  the  Griess  method  was 
employed.  Two  stock  solutions  were  prepared: 

1.  A saturated  solution  of  sulfanilic  acid  in  5 per  cent  HCl. 

2.  Eight  gr.  of  napththylamine,  8 c.c.  of  HCl,  made  to  1,000  c.c. 

These  solutions  were  mixed  in  quantities  of  about  100  c.c.  at  a time, 

and  the  mixed  solution  was  employed  as  the  test  solution,  thus  avoiding 
unnecessary  pipetting.  One  cubic  centimeter  of  the  mixture  was  added 
to  each  tube. 

About  50  c.c.  of  the  sample  were  clarified  by  the  use  of  one  cubic 
centimeter  each  of  decinormal  alum  and  soda  solutions  and  filtration 
through  a washed  filter  paper.  Then  50  c.c.,  or  less  if  the  nitrite  was  high, 
were  placed  in  a nessler  tube  and  compared  with  standards,  the  reading 
being  taken  about  forty-five  minutes  after  the  addition  of  the  test  solution. 

The  standards  were  made  with  sodium  nitrite  prepared  from  silver 
■nitrite. 

(c)  Methods  of  Bacterial  Analysis.  Dilution. — Preliminary  experi- 
ments showed  that  when  water  containing  a large  number  of  bacteria  was 
mixed  directly  with  the  nutrient  medium  a considerable  proportion  of  the 
organisms  present  failed  to  develop  visible  colonies.  Consequently,  all 
waters  were  diluted  with  a known  quantity  of  sterile  water  in  small  flasks, 
so  that  from  i c.c.  of  the  dilution  used  approximately  one  hundred  col- 
onies developed  on  a plate.* 

* See  Notes  on  Bacterial  Water  Analysis.  Jordan  and  Irons.  Reiiorts  and  Pai)ers  of  .Vmerican 
i’liblic  Ilealtl)  Association,  18St9,  XXV,  p.  564. 


Plating. — Nutrient  agar,  prepared  as  described  below,  was  used  as 
the  standard  medium  throughout  the  work.  Tubes  containing  6-8  c.c.  were 
heated  in  the  water  bath  at  ioo°  C.  for  about  ten  minutes  and  then  placed 
in  a water  bath  at  40°  C.  The  tubes,  after  being  allowed  to  cool  to 
40°  C.,  were  inoculated  with  i c.c.  of  a suitable  dilution  of  the  water 
under  examination,  and  quickly  poured  into  sterile  Petri  dishes,  care  being 
taken  that  as  little  as  possible  of  the  medium  remained  in  the  tubes.  The 
plates  were  incubated  in  a dark  culture  room,  the  air  of  which  was  kept 
moist,  at  20°-23°  C.  for  eight  days,  and  finally  counted  with  the  aid  of 
a small  hand  lens.  During  the  early  part  of  the  work  an  incubation  period 
of  ten  days  was  allowed,  but  the  shorter  period  of  eight  days  was  found 
to  give  as  constant  results,  and  was  finally  adopted. 

Media. — Nutrient  agar  was  made,  with  some  slight  modifications, 
after  the  standard  method.  Lean  beef  (1,200  gr. ),  chopped  fine,  was 
immersed  in  twice  its  weight  of  distilled  water  in  the  cold  for  twenty- 
four  hours  and  the  resulting  infusion  strained  through  cloth,  yielding 
about  2,400  c.c.  of  filtrate.  Of  this  filtrate,  2,000  c.c.  were  heated  and  the 
insoluble  albumens  precipitated.  On  filtration,  about  1,600  to  1,800  c.c. 
of  clear  filtrate  were  obtained.  The  remaining  400  c.c.  of  the  original 
infusion  was  added  to  1,600  c.c.  of  this  filtrate,  together  with  1 jier  cent 
Witte's  jieptone  and  per  cent  of  agar-agar,  previously  dissolved  by 
boiling  for  ten  minutes  in  one  liter  of  distilled  water.  The  whole  was 
boiled  over  a free  flame  for  half  an  hour  and  then  neutralized. 

The  total  precipitation  of  albumens  in  the  2,000  c.c.  of  the  original 
infusion  was  found  advantageous,  for  the  reason  that,  when  all  the  albu- 
men was  allowed  to  remain,  it  interfered  greatly  with  the  recognition  of 
the  end  point  in  titration,  and  also  hindered  filtration.  Total  jirecijiita- 
tion  of  part  of  the  infusion  was  found  preferable  to  partial  precipitation 
of  the  whole,  because  the  flocculent  j^recij^itate  which  first  comes  down 
is  much  better  ada])ted  to  final  clearing  of  the  agar  than  is  the  later,  less 
flocculent  matter,  hor  these  reasons  the  albumen  in  one-fifth  of  the 
infusion  was  regularly  used  as  a final  coagulant  for  the  whole. 

After  the  first  neutralization,  the  agar  was  boiled  for  one  and  one-half 
hours  over  a free  llame,  the  loss  of  water  bv  evaporation,  measured 
by  weight,  being  made  up  from  time  to  time  with  distilled  water.  After 
the  second  boiling  the  agar  was  neutralized,  boiletl  for  five  minutes  and 
filtered  thiough  ])apei  in  an  ordinary  glass  funnc'l.  1 he  pre>ce'ss  iisuallv 
\ielded  about  i,boo  c.c.  of  clear  agar,  which  filterc'd  in  from  ten  to  twe'iitv 
minutes,  the  last  few  cubic  centimeters  taking  slightly  longer. 

I he  finished  agar  was  made'  nj)  to  standard  jilating  re'ae'tion  ( 10  c.c. 
nornicd  acid  pe'r  litei  ),  with  normal  1K,1,  and  was  then  immediately  tubed 
and  sterilized  in  the  aute>clave  at  120'’  C.  for  five  minutes. 

Sodium  h_\diate'  (jo)  was  use'd  in  titration  with  phe'nctljihthalein 
(I  gr.  in  I 1.  of  50  per  cent  ale.)  as  an  indicator.  A permanent  faint 
rose  tint  was  regarded  as  the  end  jKiint.  In  titration,  5 c.c.  of  the  medium 
were  boiled  with  50  c.c.  of  distilled  water  in  a white  evaporating  dish  for 
three  minutes  over  a free  flame,  and  titrated  while  hot.  All  titrations 


were  made  in  duplicate.  Normal  sodium  hydrate  was  used  in  neutraliza- 
tion. 

(d)  See  tables  81-158  (Appendix). 

(e)  Methods  and  Results  of  the  Examination  for  the  Presenee  of 
B.  coli  eomniiinis.  It  is  well  known  that  fresh  sewage  always  contains 
large  numbers  of  the  common  colon  bacillus.  It  is  also  true  that  when  a 
water  source  is  polluted  with  any  considerable  cpiantity  of  fresh  sewage 
it  is  usually  possible  to  demonstrate  the  presence  of  the  colon  bacillus 
in  such  water.  Upon  these  familiar  facts  have  been  based  various  methods 
and  conclusions  of  greater  or  less  value  to  public  hygiene. 

The  particular  method  of  gauging  the  so-called  self-purification  of 
a stream  by  the  relative  abundance  of  B.  coli  communis  at  different  points 
is  not  a new  one,  but,  so  far  as  the  writer  is  aware,  it  has  not  been  often 
applied  on  a large  scale. 

Theobald  Smith’s  ingenious  method  of  estimating  the  approximate 
number  of  fecal  bacteria  in  water  by  the  fermentation  tube  was  first  used 
in  the  study  of  the  self-purification  of  streams  by  Smith  and  Brown* * 

(1893)- 

The  work  of  these  authors  was  carried  out  upon  the  Mohawk  and  Hud- 
son rivers,  under  the  auspices  of  the  New  York  State  Board  of  Health, 
and  aided  materially  in  the  solution  of  local  problems.  Owing,  however,, 
to  the  relatively  low  degree  of  pollution  obtaining  in  these  particular  river 
waters,  as  is  shown  both  by  the  chlorine  determinations  and  by  the  small 
number  of  fecal  bacteria,  the  contrast  between  dift'erent  points  along  the 
course  of  the  river  is  not  very  marked. 

Some  investigations  also  have  been  carried  out  by  Hammerl*  upon 
the  river  Mur  above  and  below  Gratz,  but  the  number  of  this  author’s 
determinations,  as  recorded  in  his  article,  are  so  few,  and  his  method 
for  the  detection  and  enumeration  of  colon  bacilli**  is  so  inadequate  that 
not  much  weight  can  be  attached  to  his  conclusions. 

From  a general  standpoint,  it  is  clear  that  the  question  of  self-purifi- 
cation can  be  most  advantageously  studied  where  the  proportion  of  sewage 
added  to  river  water  is  very  high,  so  that  slight  fluctuations,  due  to  tem- 
porary and  local  conditions,  to  incomplete  mingling  and  to  other  minor 
factors,  are  wholly  submerged  by  a gross  and  constant  pollution.  A par- 
ticularly favorable  opportunity  has  been  afforded  in  the  course  of  the  in- 
vestigation of  the  conditions  created  in  the  Illinois  A'alley  by  the  discharge 
of  the  sewage  of  the  city  of  Chicago  into  the  Desplaines  River.  The 
enonnous  initial  pollution  and  the  fact  that  during  certain  seasons  of  the 
year  the  dilution  from  rainfall  and  run-off  is  slight*  render  it  a com- 
paratively easy  task  to  trace  the  progressive  purification  in  the  flowing 
stream.  Few  other  rivers,  in  which  the  process  of  self-purification  has 
been  studied,  present  so  fortunate  a union  of  three  important  conditions — 
extreme  pollution,  relatively  little  dilution  and  great  length. 

♦ New  York  Stale  Hoard  of  Health,  Keport  for  1893,  ().  680. 

* Hyg.  Rundschau,  1897.  XI,  p.  ,529. 

* * Suspicious  colonies  upon  a gelatin  plate  were  fished  and  tested  “ for  ability  to  grow  at  blood 
temperature,  to  curdle  milk  and  to  produce  gas  in  media  containing  sugar,"  op.  cit.,  p.  537. 

♦ A chlorine  content  as  high  as  40  (parts  per  million)  has  been  found  at  the  mouth  of  the  Illinois. 
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Methods.  In  the  beginning  of  the  work  use  was  made  of  the  method 
of  direct  inoculation  of  water  into  the  fermentation  tube,  as  suggested 
by  Theobald  Smith  in  1893,  but  this  procedure  was  soon  abandoned  in 
favor  of  another  method,  which  was  continued  through  the  major  part  of 
the  investigation.  This  consisted  in  a preliminary  incubation  of  a meas- 
ured quantity  of  water  in  carbol-broth.  The  carbol-broth  was  prepared 
by  adding  i c.c.  of  a i per  cent  solution  of  carbolic  acid  in  sterile  water 
to  tubes  containing  9 c.c.  of  sterile  broth  of  the  standard  composition. 
The  use  of  measured  quantities  of  fluid  in  this  way,  of  course,  necessitates 
allowance  for  evaporation  during  sterilization.  By  careful  attention  to 
the  size  of  the  tube  and  to  the  period  of  sterilization  in  the  Arnold  steam 
sterilizer,  it  has  been  found  possible  to  calculate  very  closely  the  loss  of 
fluid  during  heating  and  to  make  due  allowance  for  it ; subsequent  evap- 
oration before  use  has  been  guarded  against.  The  carbol-broth,  which 
we  have  used,  has  been  first  rendered  neutral  to  phenolphthalein  and 
then  acidified  by  the  addition  of  5.5  c.c.  of  normal  acid  per  liter. 

In  carrying  out  the  method  i c.c.  of  a suitable  dilution  of  the  water 
has  been  added  to  the  tube  of  carbol-broth  and  incubated  at  38°  for  18-24 
hours.  Platings  from  this  broth  have  then  been  made  in  litmus-lactose- 
agar  (5  c.c.  normal  alkali  per  liter).  If  red  colonies  developed  on  the 
medium  at  38°  they  were  transferred  to  tubes  and  tested  at  once  for  ( i ) 
Gas-production  in  dextrose  broth  in  the  fermentation  tube;  (2)  Indol-pro- 
duction  in  sugar-free  broth;  (3)  Coagulation  of  milk;  (4)  Liquefaction 
of  gelatin. 

During  a part  of  the  investigation  another  method  was  employed, 
consisting  of  the  introduction  of  water  directly  into  dextrose  broth  fer- 
mentation tubes  without  preliminary  incubation.  The  dextrose  broth  was 
prepared  with  fresh  meat  from  which  the  muscle-sugar  had  been  removed 
by  Smith’s  method,  and  to  this  sugar-free  broth  i per  cent  of  dextrose 
was  subsequently  added.  The  broth  was  made  neutral  to  phenolphthalein. 
After  inoculation  with  the  water  the  tubes  were  incubated  at  38°  for  48 
hours,  gas  readings  being  taken  at  24-hour  intervals.  At  the  end  of  48 
hours  all  tubes  showing  the  formation  of  gas  were  removed  from  the  in- 
cubator, cooled  to  the  room  temperature  and  the  absorption  of  CO2  deter- 
mined by  the  addition  of  a 2 per  cent  solution  of  NaOH.  It  has  been 
found  necessary  to  take  precautions  against  incomplete  absorption  of  the 
CO2,  especially  where  large  tubes  are  used  and  the  amount  of  gas  formed 
is  considerable. 

The  use  of  litmus-lactose-agar  for  plating  water  direct  proved  en- 
tirely unadapted  to  the  conditions  of  our  work,  and  frequently  failed  to 
reveal  the  presence  of  the  colon  bacillus,  when  the  two  methods  above 
mentioned  showed  conclusively  that  this  bacillus  was  present. 

Although  many  other  methods  were  experimented  with  and  care- 
fully compared  during  the  course  of  the  work,  only  findings  obtained 
by  the  carbol-broth  and  dextrose  fermentation  methods  are  included  in 
the  following  tables.  A comparison  of  the  two  methods  (Irons,*  1900) 
showed  that  while  in  the  main  the  results  tally  closely,  the  carbol-broth 


♦Amerlcnn  Public  Health  Association  Reoort,  1900. 
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method  is  in  general  to  be  preferred  for  highly  polluted  waters,  while 
for  relatively  pure  waters  the  use  of  the  fermentation  tube  direct  appears 
to  be  a slightly  more  delicate  test. 

The  interpretation  of  the  results  obtained  by  the  respective  methods 
demands  some  explanation,  since  the  whole  inquiry  hinges  upon  the  mean- 
ing of  the  records.  It  may  be  said  at  the  outset  that  no  attempt  is  made 
in  this  paper  to  record  separately  the  occurrence  of  various  members  of 
the  colon  group  of  organisms  or  to  pass  judgment  upon  the  sanitary  sig- 
nificance attaching  to  the  presence  of  various  kinds  of  colon  and  paracolon 
bacilli.  For  reasons  easily  understood,  such  a subdivision  of  material 
would  be  entirely  foreign  to  the  problem  under  consideration.  A general 
and  arbitrary  standard  has  of  necessity  been  chosen.  In  the  present  state 
of  uncertainty  among  bacteriologists  regarding  classification  within 
the  colon  group,  I have  thought  it  best  for  the  purposes  of  this  investiga- 
tion to  adopt  a somewhat  comprehensive  grouping  and  to  include  among 
“colon  bacilli”  (or  “fecal  bacteria”)  certain  colon-like  organisms  showing 
a fundamental  biological  relationship.  It  should  perhaps  be  expressly 
stated  that  the  term  “colon  bacillus”  is  employed  in  this  paper  in  this 
general  sense,  and  is  not  used  to  designate  a sharply  defined  single 
“species.” 

The  carbol-broth  method,  as  described  above,  has  given  results  vari- 
ously designed  in  the  tables  as  -j-.  — or  ? The  sign  +.  used, 

indicates  that  colonies  have  been  isolated  which  gave  the  typical  char- 
acters of  P).  coli  in  (i)  Fermentation  tube  (dextrose  broth)  ; (2)  Sugar- 
free  broth  for  indol ; (3)  Milk;  (4)  Gelatin. 

The  sign  — is  used  to  denote  those  cases  where,  upon  plating  in 
litmus-lactose-agar,  after  incubation  in  the  carlx:)l-broth,  careful  search 
failed  to  reveal  any  red  colonies;  under  this  head  also  are  placed  those 
cases,  not  very  numerous,  where  pure  cultures  obtained  from  a red  colony 
have  failed  to  yield  an  excess  of  H in  the  fermentation  tube. 

In  the  doubtful  class  are  included  those  instances  sometimes  encoun- 
tered where  the  organism  isolated  from  a red  colony  produces  the  tvpical 
mixture  of  gases  in  the  fermentation  tube.  Init  fails  to  respond  positivelv 
to  one  or  two  of  the  other  characteristic  biological  tests.  (2)  being  the 
determination  most  frequently  at  variance. 

The  results  ol)tained  l)y  the  dextrose-broth  method  are  tabulated  on 
the  following  basis : The  sign  is  used  for  those  inoculations  yielding 
a total  gas-production  of  more  than  20  ])er  cent  of  the  tube  length  and 
showing  on  absorption  an  appreciable  excess  of  IF  If  pure  cultures  are 
isolated  from  such  tube.s,  organisms  possessed  of  the  biological  characters 
above  Cited  will  almost  invariably  be  found.  There  is  a mixture  of  dif- 
ferent kinds  of  organisms  in  these  tubes,  and  it  is  sometimes  necessary  to 
examine  a great  many  colonies.  When  this  has  been  done  we  have  rarely 
failed  to  find  the  colon  bacillus.  I he  error  involved  in  the  assumjition 
that  a member  of  the  colon  group  is  always  present  in  these  cases  is  prob- 
ably le.ss  than  5 per  cent.  The  close  agreement  of  the  results  obtained  by 
this  method  with  those  reached  by  the  carbol-broth  method,  which  appears 
on  the  face  to  be  more  rigorous,  lends  further  countonauce  to  this  view. 


Under  the  sign  — are  included  those  determinations  in  which  no  gas 
■or  only  a small  amount  of  gas — less  than  lo  per  cent — was  produced. 
There  is  perhaps  a larger  measure  of  uncertainty  regarding  the  determi- 
nations classified  under  this  head ; it  is  possible  that  the  colon  bacillus  was 
present  in  some  instances  where  no  gas  or  only  a slight  amount  was 
formed,  but  these  cases  must  have  been  rare,  since  we  have  never  been 
able  to  isolate  the  colon  bacillus  on  gelatin  or  litmus-lactose-agar  plates 
made  from  such  tubes.  An  exception  must,  of  course,  be  made  to  this 
statement  in  cases  where  sewage  or  highly  polluted  water  has  been  inocu- 
lated into  the  fermentation  tube  without  proper  dilution,  since  in  such 
cases  it  sometimes  occurs  that  only  a small  amount  of  gas  collects  in  48 
hours,  the  colon  bacillus  being  apparently  overgrown  by  other  sewage 
bacteria. 

In  the  doubtful  class  are  placed  those  determinations  giving  a total 
gas-production  of  10-20  per  cent,  and  those  with  a total  gas-production 
of  more  than  20  per  cent  and  absorption  test  showing  an  appreciable  ex- 
cess of  CO.  The  majority  of  the  determinations  so  classified  might  fairly 
be  regarded  as  negative,  and  I believe  that  an  error  of  not  more  than  10 
per  cent  would  be  incurred  if  this  were  done.  I have  preferred,  how- 
ver,  to  adopt  the  more  unec^uivocal  arrangement. 

SPECIAL  OBSERVATIONS  AND  EXPERIMENTS. 

All  the  results  that  have  been  recorded  in  the  foregoing  tables  have 
been  obtained  with  transported  samples  of  water,  and,  so  far  as  the  bac- 
teriological side  is  concerned,  they  are  unquestionably  open  to  criticism  on 
this  score.  It  will  be  observed,  also,  upon  reference  to  the  detailed  tables 
(tables  81-158)  that  at  most  stations  the  first  examinations  of  water  were 
made  toward  the  end  of  the  high-water  period,  when  the  numbers  of  bac- 
teria were  relatively  higher  than  during  the  prolonged  low-water  period 
that  followed.  It  was  found  impossible  to  arrange  for  the  collections  of 
water  samples  to  begin  at  all  the  stations  at  the  same  time,  although  every 
•efifort  was  made  to  this  end.  At  West  Alton,  owing  to  local  difficulties, 
regular  collections  of  Missouri  River  water  were  not  instituted  until  July 
27,  so  that  the  average  given  in  the  table  is  considerably  lower  than  would 
have  been  the  case  if  high-water  figures  for  the  Missouri  had  been  ob- 
tained. The  resulting  averages  for  the  Missouri  River  are  hence  consid- 
erably lower  than  those  for  the  cross-section  at  the  Chain  of  Rocks,  and 
a comparison  would  be  misleading.*  The  averages  for  all  the  stations  on 
the  Illinois  River  are,  however,  quite  strictly  comparable  throughout. 

As  has  been  already  stated,  we  have  endeavored  to  supplement  and 
control  the  results  obtained  from  transported  samples  by  numerous  ex- 
aminations made  immediately  at  the  point  of  collection.  A series  of  sam- 
ples collected  at  Bridgeport  during  the  summer  months  and  plated  directly 
gave  much  larger  counts  than  those  resulting  from  the  plating  of  the 

"Tlio  averiifre  at  the  Inlet  'I'ower  at  the  Chain  of  Rocks  for  a i)erio(l  correspondiiif' 
with  that  covered  hy  the  Missouri  River  anaiysis  is  6,900  (Missouri  Itiver  at  West  Alton, 
•8,200). 
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transported  samples.  This  is  undoubtedly  due  to  the  destruction  of  bac- 
terial life  in  the  ice-packed  sample.* 

The  correct  average  from  May  to  August  would  unquestionably  be  up- 
ward of  2,000,000.  The  Lockport  samples  also,  especially  those  for  Au- 
gust, show  in  a marked  degree  the  diminution  due  to  ice-packing.  The 
Morris  samples  for  July  17,  August  21,  August  29,  September  16  and 
October  16  also  show  the  effect  of  transportation;  a series  of  twelve  sam- 
ples collected  at  different  times  during  these  same  months  and  plated 
immediately  never  afforded  numbers  so  low  as  those  recorded  on  these 
dates.  On  one  occasion,  for  example,  three  samples  of  water  were  plated 
at  Morris  immediately  after  collection  (initial  temperature  of  the  water, 
28°  C.),  and  gave  respectively  535,000,  412,000  and  329,000  colonies  per 
c.c.  The  bottles  were  packed  in  ice  by  the  ordinary  method  and  shipped 
at  once  to  Chicago,  where  the  samples  were  plated  in  the  usual  routine. 
The  count  obtained  after  transportation  was,  respectively,  54,500,  50,500 
and  73,500.  If  it  were  necessary,  examples  of  this  sort  might  be  multi- 
plied indefinitely. 

The  diminution  of  numbers  that  takes  place  in  ice-packed  samples 
does  not,  however,  result  in  a stable  condition ; after  a time  renewed  bac- 
terial reproduction  sets  in,  even  when  the  water  is  kept  constantly  at  a 
low  temperature ; in  fact,  the  numbers  may  rise  to  a point  higher  than  that 
originally  obtaining.  This  secondary  multiplication  occurred  not  infre- 
quently in  the  waters  from  the  lower  end  of  the  Illinois  River  and  in  those 
from  the  Mississippi  River,  since  these  waters  had  to  be  transported 
nearly  400  miles  before  reaching  the  laboratory.  At  Grafton,  direct  plat- 
ings from  the  Illinois  and  Mississippi  Rivers  gave  almost  invariably 
lower  counts  than  were  obtained  from  the  transported  samples. 

For  example: 


Grafton. 

Piatings  Direct. 

Platings  from  Same 
Bottles  after  Shipment. 

Illinois  River 

345 

270 

1 200 

800  440 

Mississippi  River... 

2,850 

2,020 

4, .500 

1,500 

Illinois  River 

160 

325 

1,500 

830  580 

Mississippi  River... 



1,200 

850 

1,150 

2,600 

5,800  540 

Multiplication  of  bacteria  in  transit  was  also  shown  in  a marked 
degree  in  the  samples  collected  at  the  Chain  of  Rocks,  where,  owing  to 
the  fact  that  the  place  of  collection  is  difficult  of  access  and  a long  boat- 
row  is  necessary,  the  packing  in  ice  was  unavoidably  delayed,  and  the 
laboratory  counts  were  uniformly  higher  than  those  made  on  samples 
plated  immediately  after  collection.  There  is  ample  evidence,  therefore, 
to  support  the  view  that  during  most  of  the  period  covered  by  these  analy- 
ses the  recorded  averages  range  lower  than  the  true  figures  as  regards 
the  collecting  stations  near  Chicago,  and  are  higher  than  is  actually  the 
case  as  regards  the  more  distant  points.  The  apparent  difference  between 
the  number  of  colonies  found,  for  instance,  in  the  Illinois  River  at  Avery- 
ville  and  Grafton  may  be  explained  in  this  way ; the  real  difference  is  in- 
considerable. 

♦c.f.  Jordan  and  Irons.  Notes  on  Bacterial  Water  Analysis.  American  Public  Health 
Association  Reports,  1899,  XXV.,  p.  564. 
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It  will  be  observed  that  the  analyses  of  the  water  samples  from 
Pekin  and  Wesley  City  show’  great  irregularities  from  w’eek  to  week.  The 
peculiar  local  conditions  are  responsible  for  these  marked  fluctuations. 
The  major  part  of  the  refuse  poured  into  the  river  at  Peoria  enters  on  the 
right  bank,  but  is  deflected  in  various  ways  by  sandbars  and  cross-currents, 
so  that  the  sample  from  midstream  at  Wesley  City  sometimes  show^s 
great  pollution,  sometimes  very  little.  The  influence  of  these  intricate  and 
continually  changing  conditions  is  frequently  evident  in  the  Pekin  sam- 
ples as  well.  A cross-section  taken  at  Wesley  City  on  June  13,  1900,  gave 
the  following^  result : 

Free  Ammonia.  .Vlbuminold  Ammonia.  No.  Colonies  per  c.c. 


Uight  Hank .504  .f64  4,340,000 

Center .141  .248  40.000 

Left  Bank 108  -3^0  2,400 


Slight  changes  in  the  position  of  sandbars  and  in  the  height  of  water 
deflect  the  main  mass  of  polluted  w’ater  now  to  one  side,  now  to  the  other, 
and  so  lead  to  sudden  and  marked  fluctuations  in  the  analyses.  Even  at 
Pekin  the  mingling  is  often  far  from  complete. 

Early  in  the  investigation  the  importance  of  following,  so  far  as 
practicable,  the  changes  taking  place  in  one,  and  the  same  body  of  water 
was  recognized,  but  the  pressure  of  routine  work  rendered  such  studies 
few  in  number.  The  most  important  of  these  special  investigations  were 
carried  out  between  Morris  and  Ottawa,  w'here  laboratory  experience  had 
shown  us  that  a change  took  place  that  might  be  properly  denominated  as 
purification.  Several  series  of  observations  were  made  uixin  this  stretch 
of  river,  but  as  they  all  led  to  the  same  result,  only  the  tw'O  most  important 
w’ill  be  here  described.* 

Hie  first  of  these  w’as  carried  out  on  October  7 upon  a stretch  of  the 
Illinois  River  just  below  Morris.  The  day  was  bright  and  sunny,  the 
temperature  of  the  air  being  7°  C.  at  6 o’clock  in  the  morning  and  reach- 
ing 20.5°  by  midday.  A slight  breeze  ruffled  the  surface  of  the  water  in 
the  middle  of  the  day,  but  was  at  uo  time  strong.  The  river  was  verv  low 
(5  feet)  and  the  current  exceedingly  sluggish.  The  upper  cross-sections 
were  taken  at  a point  just  above  the  Mazon  River,  the  lower  about  three- 
fourths  of  a mile  below  the  mouth  of  the  Waupecan  Creek.  (Neither  of 
these  streams  was  contributing  any  water  to  the  Illinois  at  this  date). 
This  stretch  of  river  is  almost  exactly  three  miles  in  length.  The  rate  of 
flow  between  the  two  points  was  determined  by  weighted  floats  and  by 
the  use  of  fluorescein  solution,  and  was  found  to  be  Very  close  to  one-half 
mile  per  hour.  Four  scries  of  cross-sections  at  hourly  intervals  were 
taken  at  the  upper  station  (A),  and  these  were  followed  by  a similar 
series  at  the  lower  station  (B),  beginning  six  hours  later.  Platings  were 
made  within  the  hour.  The  samples  designated  as  from  the  "right”  and 
"left”  banks,  respectively,  were  taken  midway  between  the  shore  and  the 

*I  IIIII  Jjrnuly  ln(IH)l(Ml  to  my  chlof  asslstnnl,  Mr.  10.  10.  Irons,  for  al.l  in  the  rlan- 
nluK  and  condnctlnf:  of  tliose  soniowliat.  arduous  observations,  and  1 am  glad  to  acknowl- 
e(ige  tii.Mt  llieir  aciuraey  and  eomi>letene8s  arc  largeiy  (ine  to  tiie  signai  /.eat  and  al>ilitv 
Kitti  wiiiidi  tie  (ie\ole(i  litmself  to  ttiis  work. 
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center  of  the  stream.  At  A the  river  was  about  150  yards  wide,  at  B 
about  125. 

The  figures  given  for  the  number  of  colonies  are  the  averages  of 
counts  of  two  separate  platings. 


UPPER  STATION  (A). 


Hour 

No.  Colonies 
per  c.c. 

Turbidity 
(Hazen’s  scale). 

Temp.  Water 
“C. 

Chlorine 

(parts  per  million) 

6 : 15  A.  M. 

Right  Rank... 

. . . 500,000 

.16 

13. 

Center 

. . . 378,000 

.12 

13. 

“ 

Left  Rank 

42,000 

.075 

13. 

7:15  A.  M. 

Right  Rank... 

. . . 368,000 

.17 

13. 

“ 

Center 

. . . 344,000 

.125 

13. 

“ 

Left  Rank 

35,000 

.0775 

13. 

8:15  A.  Ji. 

Right  Rank . . 

. . . 752,000 

.16 

13.5 

91 

“ 

Center 

. . . 364.000 

.11 

13. 

69 

Left  Rank 

30,000 

.0675 

13. 

45 

9:15  A.  M. 

Right  Rank... 

. . . 554,000 

.16 

14. 

“ 

Center 

. . . 472,000 

.11 

14. 

Left  Rank. . . 

79,000 

.075 

14. 

Hour. 

LOWER  STATION  (R) 

(Three  miles  below  A). 

No.  Colonies  Turbidity 

per  c.c.  (Hazen’s  scale). 

Temp.  Water 
°C. 

Chlorine 

(parts  per  million) 

12:15  P.  M. 

Right  Rank... 

...  480,000 

.13 

16. 

Center 

. . . 327,000 

.15 

16. 

Left  Rank. . . 

87,000 

.05 

16.5 

1 :15  P.  M. 

Right  Rank . . 

...  281,000 

.1475 

..  16. 

Center 

. . . 102,000 

.09 

16. 

Left  Rank. . . 

19,000 

.042 

16. 

2 : 15  P.  M. 

Right  Rank. . 

. . . 400,000 

.13 

17. 

87 

Center 

. . . 249,000 

.09 

16. 

72 

Left  Rank. . . 

22,000 

.045 

16. 

52 

3:15  P.  M. 

Right  Rank. . 

...  412,000 

.136 

17. 

82 

Center 

...  416,000 

.12 

16. 

78 

Left  Rank. . . 

11.000 

.0433 

17. 

53 

The  averages  may  be  tabulated  as  follows ; 


No.  Colonies  per  c.c.  No.  of  Hourly 

Distance.  Right  Rank.  Center.  Left  Rank.  Analyses. 

Upper  Station  (A)....  543,700  389,700  46,500  4 

Lower  Station  (R) 3 miles  (6  hours).  393,250  273,500  34,750  4 

Percentage  Decrease 27.6  29.8  25.3 


The  chlorine  detenuinations  show  that  the  mixing  of  the  Kankakee 
water  and  the  Desplaines  is  very  incomplete  both  at  the  upper  station 
(9.7  miles  below  the  junction  of  the  rivers)  and  at  the  lower,  and  this  is 
entirely  confirmed  by  the  bacterial  and  turbidity  cross-sections  at  the  two 
points.  Between  A and  B a great  bacterial  diminution  occurs,  and  this  in 
almost  equal  degree  both  along  the  seriously  polluted  right  bank  and 
along  the  comparatively  uncontaminated  left  bank. 

A second  series  of  observations  was  carried  out  in  a similar  fashion 
upon  a longer  stretch  of  river.  The  distance  from  the  regular  collecting 
station  at  Morris  to  the  regular  collecting  station  at  Ottawa  (see  map) 
is  about  24  miles,  and  the  rate  of  flow  between  the  points  averaged  one- 
half  mile  per  hour  at  the  time  our  observations  were  made.  A point  mid- 
way between  Morris  and  Ottawa  was  selected  (Seneca)  and  a three-day 
series  of  observations  was  planned.  The  sun  was  wholly  obscured  by 
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clouds  during  these  three  days,  but  no  rain  fell.  The  results  are  given  as 
before  in  tabular  form.* 


UPPER  STATION  (MORRIS). 


Hour. 

No.  Colonies 
per  c.c. 

Turbidity 
(Ilazen’s  scale). 

Temp.  Water 
°C. 

Chlorine 

(parts  per  mlllon) 

7:15  A.  M. 

Right  Bank. .. 

. . 433,000 

.153 

7. 

H 

Center 

. . 337,000 

.13 

7. 

t 4 

Left  Bank 

30,000 

.046 

7. 

11:30  A.  M. 

Right  Bank. . . 

, . . 177,000 

.17 

7.25 

67.5 

44 

Center 

...  145,000 

.18 

7.25 

47.5 

“ 

Left  Bank 

17,000 

.02 

7.25 

8. 

2:00  p.  M. 

Right  Bank. .. 

...  174,000 

.15 

3. 

44 

Center 

...  131,000 

.135 

3. 

44 

Left  Bank 

49,000 

.05 

3.  » 

MIDDLE  STATION  (SENECA). 


No.  Colonies 

Turbidity  Temp.  Water 

Chlorine. 

Hour 

per  c.c. 

(Ilazen’s  scale). 

'C 

(parts  per  million), 

9:00  A.  M.,  Nov.  10.  Right  Bank.., 

. . . 134,000  , 

9.5 

51 

“ “ Center 

47,000  -j 

*Less  than  .09,  ( 
more  than  .07.  C 

9.5 

44 

“ “ Left  Bank 

23,000  ( 

) 

9.5 

35 

1 :30  p.  M.,  Nov.  10.  Right  Bank. .. 

67,000 

11. 

“ “ Center 

52,000 

11. 

“ “ Left  Bank 

52,000 

11. 

* Turbidity  readings  could  not  be  taken  accurately  at  this  point 

and  at  Ottawa  owing  to  pres 

ence  of  water  weeds. 


LOWER  STATION  (OTTAWA). 


No.  Colonies  Turbidity  Temp.  Water 

Chlorine 

Hour. 

per  c.  c. 

(Hazen’s  scale). 

®C.  (parts  per  million) 

10:00  A.  M.,  Nov.  11. 

Right  Bank 11,000 

i ) 

9.5 

49 

4 4 4 4 

Center 

10,500 

< Less  than  .04.  > 

9.5 

46 

4 4 4 4 

Left  Bank 

3,900 

( ) 

9.5 

43 

1:03  p.  M.,  Nov.  11. 

Right  Bank 12,000 

9.5 

4 4 4 4 

Center 

11,000 

9.5 

4 4 4 4 

Left  Bank 

18,000 

9.5 

The  averages  are  as  follows : 

Distance 

No.  Colonies  per  c.c. 

No.  of  Hourly, 

from  Morris. 

Right  Bank.  Center. 

Left  Bank. 

Analyses. 

Upper  Station  (Morris) 

261,000  204,000 

29,000 

3 

Middle  Station  (Seneca) 

J 12  miles.  ) 

1 24  hours.  ( 

103,000  49,000 

35,000 

2 

Lower  Station  (Ottawa)  

J 24  miles.  ( 

1 48  hours.  ) 

11,500  10,700 

13,500 

2 

During  this  flow  of  24  miles,  therefore,  the  Illinois  River  became 
nearly  free  from  the  great  mass  of  sewage  bacteria  with  which  it  was 
originally  laden.  In  fact,  the  bacterial  content  of  the  Illinois  at  Ottawa 
was  not  greatly  in  excess  of  that  of  the  local  tributary  streams.  The 
number  of  colonies  found  in  the  water  of  the  Fox  River  on  November  ii 
was  6,850  (av.),  a number  not  much  lower  than  that  found  in  the  Illinois 
(11,900). 

* In  connection  with  this  series  may  be  given  the  averages  of  the  regular  chemical  determina- 
tions for  the  period  between  October  23  and  November  20.  These  are: 


Oxygen  Consumed. 

No.  Determl-  Residue  on  Evaporation-  By  Dissolved  By  Suspended 


Station.  nations.  Total.  Dissolved.  Suspended.  Total.  Matter.  Matter. 

Morris 5 398  380  18.  10.7  8.4  2.3 

Ottawa 5 3.56  353.5  2.5  7.5  7.3  .2 


Free  Ammonia. 


7.98 

6.6 


Nitrogen  as 

Albuminoid  Ammonia. 

Total.  Dissolved.  Suspended. 
.860  .478  .382 

.364  .315  .049 


Nitrites.  Nitrates. 

.028  .340 

.382  .648 
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It  was  thought  desirable  to  supplement  these  observations  with 
another  series  made  after  the  Sanitary  Canal  was  opened,  and  accordingly, 
on  May  24-26,  1900,  another  series  of  observations  was  made  upon  the 
stretch  of  river  between  Morris  and  Ottawa.  The  sun  was  partially  ob- 
scured on  May  25,  but  shone  brightly  on  May  24  and  26 ; no  precipitation 
occurred  during  the  period. 


UPPER  STATION  (MORRIS). 


Hours. 

7:30  A. 

M.,  May  35. 

Right  Bank 

No.  Colonies 
per  c.  c. 

45.000 

Temp.  Water 
"C. 

15.5 

Chlorine 

(Parts  per  million) 
20 

1 1 

it 

Center 

17.5 

13 

It 

it 

Left  Hank 

42,000 

18. 

8 

0:30  a. 

M.,  May  25. 

Right  Bank 

60,000 

15.5 

4t 

ti 

Center 

34,000 

17. 

« « 

i t 

Left  Bank 

18. 



11:30  A. 

M.,  May  25. 

Right  Bank 

98,000 

15.75 

it 

“ 

Center 

17. 

tt 

1 1 

Left  Bank 

30,000 

18. 

*2:00  p. 

M.,  May  25. 

Right  Bank 

70,000 

16. 

21 

tt 

Center 

17. 

14 

ti 

“ 

Left  Bank 

18. 

6 

♦ Sampl'is  were  taken  at  this  time  and  submitted  to  chemical  examination  with  the  following 
result: 


Total  residue  on  evaporation 

Dissolved  residue  on  evaporation 

Suspended  residue  on  evaporation 

Chlorine 

Oxygen  consumed— Total 

Oxygen  consumed  by  dissolved  matter. 
Oxygen  consumed  by  suspended  matter 

Free  ammonia 

Albuminoid  ammonia— Total 

Albuminoid  ammonia— Dissolved 

-Vlbuminoid  ammonia  suspended 

Nitrites 

Nitrates 


Right  Bank. 

Center. 

Left  Bank. 

232 

246 

308 

230 

244 

285 

2 

2 

23 

21 

14 

6 

6.6 

7.2 

8.8 

6.1 

6.0 

4.7 

.5 

1.2 

4.1 

2.28 

1.08 

.24 

.256 

.296 

.240 

.224 

.234 

.168 

.032 

.072 

.072 

.072 

.a50 

.040 

.4 

1.1 

.95 

MIDDLE  STATION  (SENECA). 


No.  Colonies 

Temp.  Water 

Chlorine 

Hours. 

per  c.c. 

®C 

(parts  per  million) 

7:30  A.  M.,  May  25. 

Right  Bank 

1.3.800 

16.5 

19.5 

it  1 1 

Center 

16 

tt  tt 

Left  Bank 

13 

9:30  A.  .V.,  May  35. 

Right  Bank 

17. 

tt  1 1 

Center 

.. 

Left  Bank 

11 :30  A.  M.,  May  25. 

Right  Bank 

4,500 

17.5 

1 1 1 1 

Center 

i. 

Left  Bank 

1 :30  p.  M.,  May  25. 

Right  Bank 

18.5 

16 

ti  It 

Center 

18.8 

15 

1 1 1 1 

Left  Bank 

19.7 

13 

LOWER  STATION  (OTTAWA). 


Hours. 

No.  Colonies 

'I’emp.  Water 

Chlorine 

per  c.c. 

“C 

(parts  per  million) 

8:30  A.  M.,  May  26. 

Right  Bank 

7,40(1 

18.5 

15 

tl  II 

Center 

18.5 

14 

1 1 1 1 

Lt‘ft  Bank 

18.5 

13 

«1 :0()  A.  M..  May  26. 

Right  Bank 

8,  UK) 

19. 

17 

It  ti 

Center 

6.8(X) 

19.2 

15 

it  it 

Left  Bank 

19.2 

14 

2:00  p.  M.,  May  26. 

Right  Bank 

D.tKKI 

19.5 

17 

1 1 It 

C»-nler 

6.3(X1 

19.5 

16 

it  1 1 

Left  Bank 

20. 

14 

Distance  No.  Colonies  per  c.c.  No.  of  Sep- 

from  Morris.  Right  Hank.  Center.  Left  Bank.  arate  Analyses. 


Upper  Station  (Morris) 68.200  58,200  39,800  4 

Middle  Station  (Seneca) 12  miles.  9,100  9,100  10.300  4 

Lower  Station  (Ottawa) 24  miles.  8,200  7,700  6,3(X)  3 


GENERAL  SUMMARY. 

In  proceeding  to  summarize  our  results  from  the  special  point  of 
view  of  this  investigation,  namely,  the  effect  of  the  opening  of  the  Sani- 
tary Canal  upon  the  condition  of  the  Illinois  and  Mississippi  Rivers,  it 
is  important  to  fix  attention  upon  the  main  features  of  the  problem.  The 
particular  comparison  that  it  is  desired  to  institute  here  is  based,  perforce, 
on  a comparison  of  the  period  before  the  Sanitary  Canal  was  opened  with 
the  period  after  the  canal  had  been  put  in  operation.  This  would  at  first 
sight  seem  to  necessitate  a comparison  of  the  results  obtained  from  May  i, 
1899,  to  January  i,  I9(X),  with  those  obtained  from  January  i,  1900,  to 
July  I,  1900.  It  will  be  recognized,  however,  that  such  a comparison 
would  be  misleading,  since  it  is  well  known  that  different  seasons  of  year 
are  not  properly  comparable  with  one  another,  owing  to  differences  in  the 
temperature  of  the  water,  the  rate  of  flow  and  other  controlling  factors. 
(See,  for  instance,  the  diagram  of  the  colony  count  in  the  Illinois  and 
Mississippi  Rivers  at  Grafton).  Thus  a comparison  of  the  winter  condi- 
tions of  1899-1900  with  the  summer  conditions  of  1899  could  have  no 
practical  bearing  upon  the  problem  under  consideration.  Fortunately, 
there  is  a partial  seasonal  overlapping  which  permits  direct  and  proper 
comparison  of  the  conditions  obtaining  • in  the  river  waters  before  the 
Sanitary  Canal  was  put  into  operation  with  those  after  that  event.  The 
analytical  results  secured  during  the  months  of  May  and  June,  1899,  may 
fitly  be  compared  with  those  obtained  in  the  same  months  of  the  follozmng 
year.  For  this  reason  I shall  present  in  the  following  diagrams  a com- 
parison of  certain  averages  obtained  during  the  first  period  (1899,  canal 
not  open)  with  the  corresponding  averages  for  the  second  period  (1900, 
canal  in  operation). 

It  is  believed  that  these  diagrams  will  readily  explain  themselves ; 
nevertheless,  attention  may  be  drawn  to  one  or  two  features.  The  marked 
drop  in  chlorine  in  the  upper  part  of  the  river  during  the  second  period 
witnesses  to  the  greatly  increased  dilution  of  the  sewage  with  the  purer 
water  of  Lake  Michigan.  The  increased  volume  of  chlorine-laden  water 
in  the  latter  period,  on  the  other  hand,  betrays  itself  in  the  increased 
amount  of  chlorine  in  the  lower  stretches  of  the  river.  The  diagrams  rep- 
resenting the  relative  amounts  of  free  ammonia  and  albuminoid  ammonia 
and  the  number  of  bacteria  per  cubic  centimeter  show  similarly  the  effects 
of  the  increased  dilution,  and  they  also  show  that  the  change  occurring 
in  the  significant  substances  in  the  water,  both  soluble  and  suspended, 
runs  an  essentially  parallel  course  in  the  two  years.  For  the  period  under 
consideration,  therefore,  there  is  substantial  evidence  that  the  amount  of 
nitrogen  in  the  form  of  free  and  albuminoid  ammonia,  and  the  number 
of  bacteria  per  cubic  centimeter,  as  shown  by  the  ordinary  plate  count. 
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were  at  least  no  greater  in  the  Illinois  River  at  its  mouth  after  the  canal 
was  opened  than  before  that  time.  It  is  possible  to  go  even  further  than 
this  and  to  assert  that  the  amount  of  the  specially  significant  organic  con- 
stituents has  at  most  periods  been  no  higher  than  is  to  be  reasonably  ex- 
pected of  river  waters  in  this  part  of  the  country,  as,  in  fact,  is  shown  by 
the  analyses  of  water  from  the  tributary  streams  of  the  Illinois  and  from 
the  Mississippi  and  Missouri  rivers. 

Is  it,  then,  to  be  concluded  that  the  discharge  of  the  Chicago  selvage 
into  the  valley  of  the  Illinois  has  no  effect  whatever  upon  the  Illinois 
River  at  its  mouth  beyond  increasing  the  chlorine  and  other  mmgjgj^^COT- 
stituents  ? The  question  cannot  be  answered  summarily^^^^^sWmle  it  is  tru^ 
that  much  of  the  nitrogen  content  of  the  original  sew€r  is  converted  into* 
gaseous  compounds  which  escape  from  the  water,  it  is  also  true  that  a 
large  part  of  the  ammoniacal  compounds  is  oxidized  to  nitrates.  After 
nitrification  has  become  complete,  or  nearly  so,  the  river  water  is  conse- 
quently rich  in  nitrates  and  affords  an  especially  favorable  medium  for 
the  growth  of  microscopic  algae  and  water  plants.  These  organisms 
abound  in  the  lower  stretches  of  the  river  during  the  summer  months,  and 
a certain  proportion  of  the  nitrogen  originally  present  in  the  Chicago 
sewage  unquestionably  finds  its  way  into  their  bodies.  Waters  contain- 
ing large  numbers  of  such  organisms  will  of  course  show  “high  albuminoid 
ammonia  or  organic  nitrogen”  on  analysis,  although  the  nitrogen  in  this 
condition  obviously  has  not  the  same  sanitary  significance  as  has  the  “or- 
ganic nitrogen”  of  fresh  sewage.  Many  of  these  organisms,  however, 
either  have  definite  cycles  of  development  through  which  they  pass,  or 
else  they  perish  at  the  approach  of  cold  weather  or  in  the  presence  of  other 
injurious  influences.  The  nitrogen  in  their  dead  bodies  now  begins  a 
new  series  of  changes  and  passes  through  the  stages  of  “free  ammonia” 
and  “nitrites”  to  “nitrates.”  There  it  may  again  be  taken  up  by  a fresh 
set  of  plant  organisms  and  enter  into  a new  cycle  of  changes,  only  to.  ter- 
minate eventually  in  the  mineralized  nitrates. 

In  view  of  these  well-known  facts,  it  might  reasonably  be  expected 
that  the  nitrogen-content  of  the  Illinois  at  its  mouth  would  be  different 
from  what  would  have  been  the  case  if  no  sewage  from  Chicago  had  ever 
passed  into  the  river.  The  considerable  amount  of  nitrogen  appearing  as 
“free  ammonia”  at  Grafton  at  certain  seasons  of  the  year  can  best  be  in- 
terpreted in  this  way.  It  is  reasonable  to  believe  that  it  has  not  come 
direct  and  unchanged  from  the  Chicago  River,  but  has  passed,  perhaps 
several  times,  through  the  bodies  of  microscopic,  chlorophyll-bearing 
plants.  The  completeness  of  nitrification  as  far  up  the  river  as  La  Salle 
is  a strong  reason  for  maintaining  this  view.  The  reappearance  of  high 
ammonias  in  the  lower  stretches,  especially  at  the  onset  of  cold  weather, 
can  only  be  understood  by  taking  into  consideration  the  cycle  of  nitrogen 
above  outlined. 

Considering  the  problem  as  a whole,  it  must  be  remembered  that  it 
is  not  so  much  the  history  of  the  nitrogen  compounds  that  is  significant, 
especially  where  conditions  are  so  intricate  as  in  the  present  instance,  as 
the  story  of  bacterial  life.  If  the  question  be  plainly  put  as  to  whether 


typhoid  bacteria  or  similar  pathogenic  microbes  are  likely  to  pass  from 
Chicago  to  Grafton  in  the  water  of  the  Illinois  River  under  any  of  the 
conditions  prevailing  during  our  investigation,  it  must  be  plainly  answered 
that  all  the  evidence  that  we  have  been  able  to  secure  is  against  such  an 

occurrence.  It  has  been  already  pointed  out  (pp.  ) that  a 

study  of  the  death  rate  among  the  colon  bacteria  added  to  the  river  water 
in  sewage  lends  no  countenance  to  the  view  that  typhoid  bacteria  will  sur- 
vive*passage  down  river.  The  facts  indicate  that  the  coRn  bacteria,  which 
are  present  in  such  large  numbers  in  Chicago  sewage — undoubtedly  in 
much  larger  numbers  than  typhoid  bacilli — disappear  almost  completely  in 
less  than  150  miles’  flow.  Since  all  investigators  are  agreed  that  the  colon 
bacillus  is  more  hardy  than  its  relative,  the  typhoid  bacillus,  and  can  live 
in  water  for  a longer  time,  there  is  every  reason  for  supposing  that  the 
latter  microbe  dies  out  with  at  least  the  same  rapidity.  Even  were  typhoid 
bacteria  found  in  the  water  at  the  mouth  of  the  Illinois,  there  are  scores 
of  communities  to  which  they  might  certainly  be  more  plausibly  traced 
than  to  Chicago, 

Respectfully  submitted, 

EDWIN’  O.  JORDAN. 

Professor  of  Bacteriology,  University  of  Chicago. 

April  I,  1901. 
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REPORT  OF  THE  UNIVERSITY  OF  ILLINOIS 


BY 

PROF.  A.  W.  PALMER,  S.  C.  D. 

Arthur  R.  Reynolds,  M.  D.,  Director  of  Streams  Examination,  Chi- 
cago, 111. 

Dear  Sir: — ^Herewith  I submit  a report  upon  the  chemical  and  bac- 
terial analyses  conducted  at  the  University  of  Illinois  in  behalf  of  the 
Sanitary  District  of  Chicago.  These  analyses  cover  the  period  extending 
from  the  latter  part  of  April,  1899,  to  the  beginning  of  October,  1900, 
and  include  the  chemical  and  bacterial  examination  of  about  three  thou- 
sand samples. 

Regular  weekly  analyses  have  been  made  of  water  samples  collected 
from  the  Illinois  and  Michigan  Canal,  from  various  parts  of  the  Des- 
plaines  and  Illinois  rivers,  from  certain  of  the  principal  tributaries  of 
the  Illinois  River,  from  the  Mississippi  River  at  a number  of  different 
points  near  Alton  and  St.  Louis,  from  the  Missouri  River  and  from  the 
St.  Louis  water  supply.  During  a portion  of  the  time  three  or  more 
samples  a week  were  collected  at  several  important  points. 

The  points  at  which  the  samples  were  taken  were  determined  upon 
in  a general  way  at  the  conference  held  in  your  office  upon  March  15, 
1899;  they  were  more  precisely  located  by  Professor  Jordan  and  myself 
just  before  the  inauguration  of  the  work. 

The  reasons  for  the  selection  of  these  particular  places  are  indi- 
cated below. 

The  report  which  I submit  is  in  three  parts : Part  A,  relating  briefly 
to  the  inauguration  of  the  investigation  and  the  selection  of  the  points 
of  collection,  etc. ; Part  B,  relating  to  the  chemical  analyses,  including 
the  determination  of  dissolved  oxygen,  and  Part  C,  by  Professor  T.  J. 
Burrill,  relating  to  the  bacterial  examinations. 

The  report  of  the  chemical  examinations  includes : 

First — Complete  tables  of  the  data  of  the  analyses ; the  few  blanks 
which  appear  in  the  tables  being  due  either  to  the  breakage  of  a bottle 
and  the  loss  of  an  entire  sample,  or  to  the  fact  that  some  mishap  during 
the  course  of  the  examination  has  resulted  in  the  loss  of  a portion  of 
the  sample  which  could  not  be  replaced. 

Second — Tables  of  averages  of  the  results  for  various  periods. 

Third — Plates  which  exhibit  graphically  the  general  results  as  ex- 
pressed in  the  averages  of  the  tables. 

In  the  consideration  of  the  data  of  the  chemical  examinations,  I 
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have  briefly  indicated  the  origin,  the  characteristics  and  the  significance 
of  some  of  the  more  important  substances  determined,  in  the  hope  that 
such  intelligent  laymen  as  are  really  interested  in  the  pioblems  involved 
in  these  investigations  may  thereby  be  enabled  in  some  measure  to  under- 
stand the  significance  of  the  numerical  data  and  the  various  lines  of  the 
plates. 

Throughout  the  investigations  I have  been  very  ably  assisted  by 
Mr.  K.  W.  Stark,  B.  S.,  and  during  the  greater  part  of  the  time  by  Mr. 
C.  V.  Millar,  M.  S.  The  continued  interest,  the  skill  and  the  indefatigable 
zeal  of  these  two  gentlemen  in  conducting  most  of  the  routine  work  of 
these  examinations  deserve  special  commendation.  During  much  of  the 
time  covered  I have  been  further  assisted  by  Mr.  F.  C.  Koch,,  M.  S. ; Mr. 
E.  P.  Walters,  B.  S.,  and  Mr.  A.  L.  Marsh. 


INAUGURATION  OF  THE  EXAMINATIONS. 

At  the  conference  held  in  Chicago,  March  15,  1899,  at  which  there 
were  present  Mr.  Isham  Randolph,  Chief  Engineer  of  the  Sanitary  Dis- 
trict; Dr.  Arthur  R.  Reynolds,  Commissioner  of  Health  of  Chicago  and 
Director  of  Streams  Examinations  for  the  Sanitary  District  of  Chicago; 
Dr.  R.  W.  Riley,  Assistant  Commissioner  of  Health  of  Giicago;  Dr. 
Adolph  Gehrmann,  Director  of  the  Municipal  Laboratory  of  Chicago ; 
Professor  E.  O.  Jordan,  representing  the  University  of  Chicago,  and 
Professor  A.  W.  Palmer,  representing  the  University  of  Illinois,  the 
general  plan  and  scope  of  the  investigations  were  discussed,  and  it  was 
decided  that  samples  of  water  for  analysis  should  be  taken  from  the 
Illinois  River  and  certain  of  its  tributaries,  the  Missouri  River  and  the 
Mississippi  River,  at  a number  of  different  points  between  Chicago  and 
St.  Louis  or  thereabouts. 

It  was  decided  that  the  work  should  be  done  in  triplicate,  i.  e.,  that 
three  sets  of  samples  should  be  taken  simultaneously  at  each  place  each 
week,  and  that  independent  analyses  of  these  three  sets  of  samples  should 
be  made  by  the  three  institutions  represented : that  is,  that  one  set  of  sam- 
ples should  be  analyzed  at  the  University  of  Giicago,  one  at  the  Mu- 
nicipal Laboratory  of  Chicago  and  one  at  the  University  of  Illinois. 

At  this  conference  the  task  of  visiting  and  precisely  locating  the 
various  points  at  which  the  samples  should  be  taken,  and  of  selecting, 
appointing  and  instructing  persons  who  could  be  relied  upon  to  collect 
and  ship  the  samples  satisfactorily,  was  assigned  to  Professor  Jordan 
and  Professor  Palmer,  who  shortly  thereafter  inspected  the  localities  in 
question  and  personally  gave  instructions  and  demonstrations  to  the 
collectors  whom  they  selected  for  the  work.  All  of  the  points  e.xcept 
two,  namely  Kampsvillc,  upon  the  Illinois  River,  and  Chandlerville,  upon 
the  Sangamon  River,  were  visited  by  Professor  Jordan  and  Professor 
Palmer  conjointly,  and  each  of  the  more  important  points  has  been  re- 
peatedly visited  by  them,  either  conjointly  or  separately,  at  various  times 
during  the  period  covered  by  the  scries  of  examinations. 

I'ach  collector  was  personally  instructed  in  the  manner  of  making 
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the  collections  and  the  care  to  be  exercised  in  handling'  the  bottles  and 
samples.  He  was  taken  to  the  precise  spot  at  which  he  should  make 
the  collection,  and  the  necessity  of  making  every  collection  at  that  par- 
ticular spot  was  impressed  upon  him.  Moreover,  he  was  shown  precisely 
hozv  to  make  the  collection,  stopper  and  seal  the  bottles  and  pack  them 
for  shipment.  He  was  impressed  with  the  importance  of  putting  plenty 
of  ice  around  the  bacterial  sample  and  arranging  everything  for  the 
utmost  promptness  of  shipment  by  the  quickest  route.  He  was  provided 
with  metallic  seals  and  the  proper  heavy  tool  for  pressing  them.  In 
addition  to  these  instructions,  a description  was  printed  upon  the  back 
of  the  certificate  which  he  was  required  to  fill  out  and  attach  to  each 
sample.  A copy  of  the  certificate  is  given  below : 

STREAMS  EXAMINATION-CHICAGO  SANITARY  DISTRICT. 
Sample  op  Water. 


Fill  this  out  and  place  in  Shipping  Envelope.  Fasten  to  larger  bottle  by  end  of  wire  seal. 


Sample  No 

(DATE.)  (TIME.) 

From .■ 


Collected  by 

Height  of  Water Temperature  of  Water degrees  F. 

Direction  of  Wind Temperature  of  Air degrees  F. 

Rain 

(NOTE  AS  TO  ABSENCE  OU  OCCUUUENCE  OP  IIAIN  SINCE  TAKING  LAST  SAMPLE.) 


Remarks: 


(AS  TO  PASSING  VESSELS;  CHANGES  IN  CI'KIJENTS.) 


(OVEK.) 


Instructions  for  Collecting  and  Sending  Samples  of  Water  for  Analysis. 

The  outfit  for  obtaining  water  samples  consists  of  two  parts.  The  large  gallon 
bottle  is  for  the  chemical  sample,  and  the  small  four-ounce  Dottle  is  for  the  bacterial 
samjile.  The  large  and  the  small  bottle  together  constitute  one  sample  or  set.  The 
two  bottles  must  be  filled  at  the  same  time,  and  at  the  same  place,  and  in  the  same 
generjd  manner.  They  must  then  be  placed  in  their  respective  compartments  of 
shipping  cases  for  transportation. 

In  filling  the  bottles,  the  stoppers  should  be  taken  out  only  when  the  spot  from 
which  the  water  is  to  be  taken  is  reached.  The  bottle  is  immersed  with  the  stopper 
in  place  about  one  foot  below  the  surface  and  is  filled,  leaving  about  one  or  two 
inches  air  space.  'I'he  large  and  small  bottles  are  then  immediately  sealed  by  plac- 
ing the  rubber  cloth  over  the  stopper  and  drawing  the  wire  seal  with  the  number  for 
the  sample  tight  about  the  neck.  The  small  bottle  is  to  be  placed  in  the  smaller  can 
and  the  lid  pressed  down.  It  is  then  to  be  packed  in  ice  within  the  large  can.  The 
card  in  the  shipping  envelope  is  then  to  be  filled  out  and  attached  to  the  neck 
of  the  larger  bottle.  The  bottles  should  not  be  filled  until  just  before  the  time  for 
delivery  at  the  express  office. 

As  scries  of  samjiles  are  to  be  sent  to  different  laboratories,  all  of  the  bottles 
should  be  filled  at  the  same  time, and  at  the  same  place,  and  the  different  sets  placed 
together  as  described. 

The  certificate  of  collection  on  the  reverse  side  is  to  be  filled  out  completely 
in  every  case. 
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(OVKU.) 


The  points  determined  upon  and  the  collectors  selected  were  as 
follows : 


POINTS  AT  WHICH  SAMPLES  WERE  TAKEN. 

(See  map  of  localities  on  page  8.) 

No.  I — ^At  Bridgeport  samples  were  taken  from  the  Illinois  and 
Michigan  Canal  a short  distance  below  the  pumping  station.  Before  the 
opening  of  the  Drainage  Channel  the  fluid  pumped  from  the  Chicago 
River  into  the  old  canal  at  this  point  constituted  by  far  the  major  part 
of  Chicago’s  sewage,  and  contained,  in  addition  to  house  sewage,  an 
enormous  amount  of  manufacturing  wastes,  including  those  from  stock- 
yards,  soap  factories,  rendering  establishments,  metallurgical  works,  gas 
works,  etc.,  etc. 

No.  la — ^After  the  opening  of  the  Drainage  Channel  in  January, 
1900,  samples  were  collected  from  it  also  at  Bridgeport,  at  the  crossing 
of  Kedzie  Avenue. 

The  collections  at  this  point  were  made  by  Mr.  Joseph  Weis. 

No.  2 — Lockport.  The  fluid  pumped  into  the  Illinois  and  Michigan 
Canal  flows  sluggishly  from  Bridgeport  to  Lockport,  a distance  of  about 
29  miles.  Generally  there  is  practically  no  dilution  and  no  notable  addi- 
tional pollution  of  the  water.  At  certain  seasons  of  the  year,  however, 
storm  water  enters  the  canal  in  somewhat  large  quantity.  The  chemical 
impurities  in  the  water  of  the  old  canal  change  but  very  little  between 
Bridgeport  and  Lockport,  owing,  probably,  to  the  very  great  concen- 
tration of  the  sewage,  and  possibly,  too,  to  the  fact  that  some  of  the 
manufacturing  wastes  retard  the  incipient  decompositions. 

No.  3 — ^At  Lockport  there  is  some  discharge  from  the  Illinois  and 
Michigan  Canal  into  the  Desplaines  River,  a small  stream  of  extremely 
variable  flow.  A sample  of  water  was  collected  from  the  Desplaines 
River  at  a point  beside  the  old  stone  bridge,  a short  distance  above  the 
Norton  Mills,  where  the  first  discharge  from  the  old  canal  into  the  liver 
takes  place.  The  Desplaines  River  itself  receives  some  sewage  from 
various  suburban  towns  along  its  banks  above  this  point.  After  the 
opening  of  the  Drainage  Channel  (January,  1900)  the  sample  collected 
at  this  point  consisted  of  a mixture  of  Desplaines  River  water  with  the 
water  of  the  Drainage  Channel,  of  which  mixture  the  water  of  the  latter 
amounted  to  from  25  to  99  per  cent,  the  former  only  occasionally,  in 
time  of  freshet,  the  latter  during  the  last  quarter  of  the  year,  the  average 
for  the  entire  year  being  91 -14  per  cent  for  1901  and  89.9  per  cent  for 
1900. 

No.  3a — After  the  opening-  of  the  Drainage  Channel  samples  were 
collected  at  Lockport  from  it  also,  at  a point  just  above  the  controlling 
works,  where  the  discharge  from  the  Drainage  Channel  into  the  Des- 
plaines River  occurs. 

All  collections  at  Lockport  were  made  by  Mr.  William  O’Brien, 
express  agent. 
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No.  4 — The  Desplaines  River,  at  Joliet,  just  above  the  town.  At 
this  point,  four  miles  below  Lockport,  the  Illinois  and  Michigan  CanaJ 
and  the  Desplaines  River  unite  to  form  a large  basin,  the  canal  from 
this  point  on  passing  down  beside  the  west  bank  of  the  Desplaines  River. 
Before  the  opening  of  the  Drainage  Channel  it  was  at  this  point  that  the 
sewage  in  the  old  canal  received  its  first  notable  dilution.  During 
the  greater  part  of  the  year,  particularly  the  summer  and  autumn  seasons, 
this  dilution  was  very  slight,  but  in  the  earlier  or  flood  seasons  of  the 
year  the  flow  in  the  Desplaines  River  at  Joliet  would  at  times  amount 
to  as  much  as  three  or  four  hundred  thousand  cubic  feet  per  minute,  and 
the  dilution  would  be  correspondingly  great. 

The  average  flow  from  the  Illinois  and  Michigan  Canal  was  formerly 
about  45,000  cubic  feet  per  minute,  but  since  the  opening  of  the  Drain- 
age Channel  the  flow  from  the  old  canal  has  been  reduced  to  an  average 
of  26,700  cubic  feet  per  minute  in  1900  and  about  13,800  cubic  feet  per 
minute  in  1901.  The  sample  of  water  was  taken  in  the  basin  just  above 
the  town. 

No.  5 — The  Desplaines  River  at  Joliet,  just  below  the  town.  A 
large  part  of  the  sewage  of  Joliet,  i.  e.,  that  from  all  of  the  town  lying 
on  the  east  side  of  the  river,  enters  the  Desplaines  directly  at  Joliet.  In 
addition  to  house  sewage,  this  includes  also  the  wastes  from  various 
manufactories.  Late  in  the  season  of  1899,  i.  e.,  in  August,  the  bed  of 
the  Desplaines  River  below  Joliet  was  almost  entirely  dry,  as  the  flow 
was  practically  all  carried  by  the  canal.  The  collections  from  the  river 
below  the  town  were,  consequently,  discontinued  at  this  time,  and  for 
some  time  afterward  the  samples  were  taken  from  the  canal  itself,  but 
at  a corresponding  point  below  the  town. 

The  collections  at  Joliet  were  made  by  Mr.  Raymond  Hurd. 

No.  6 — The  Kankakee  River  at  Wilmington.  Formerly  the  first 
really  considerable  dilution  of  the  Chicago  sewage  resulted  from  the 
union  of  the  sewage-laden  Desplaines  River  with  the  Kankakee  River. 
The  mean  discharge  from  the  Kankakee  River  for  the  year  is  estimated 
at  three  hundred  thousand  cubic  feet  per  minute,  but  the  flow  is  subject 
to  exceeding  great  variations,  and  at  certain  seasons  it  becomes  almost 
negligible.  The  sample  taken  at  Wilmington  gives  a fair  idea  of  the 
composition  of  this  water.  The  organic  matters  contained  in  the  Kan- 
kakee River  water  are  mainly  of  vegetable  origin,  and  are  derived  from 
the  extensive  marshes  which  are  drained  by  this  stream.  Some  house 
sewage  also  enters  the  stream  at  Kankakee  (population,  13,595),  about 
20  miles  aljove  Wilmington  and  at  several  other  smaller  towns  along 
its  course. 

Tlie  collections  at  Wilmington  were  made  by  Mr.  R.  P.  Elliott,  ex- 
press agent. 


No.  7— The  Illinois  River  at  Morris.  This  is  the  first  collecting 
station  upon  the  Illinois  River  proper,  and  is  9J4  miles  below  the  junc*^ 
tion  of  the  Kankakee  and  the  Desplaines  rivers.  The  river  at  this  point 
is  j)ractically  a more  01  less  complete  mixture  of  Chicago  sewage  and 
Kankakee  River  water.  In  a dry  season,  like  that  of  1809,  the  prepor- 
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tion  of  Kankakee  River  water  may  be  very  small,  and  it  is  always  com- 
paratively small  in  the  latter  half  of  the  year.  The  average  volume  of 
the  Kankakee  River  was  formerly  four  or  five  times  that  of  the  Des- 
plaines  River;  since  the  opening  of  the  Drainage  Channel  it  is  about 
equal,  i.  e.,  the  average  flow  of  each  for  the  year  is  approximately 
300,000  cubic  feet  per  minute.  Owing  to  the  fact  that  the  mixing  at 
Morris  is  quite  incomplete,  the  chlorines  given  in  the  various  tables  do 
not  show  very  clearly  'the  relative  proportions  of  sewage  and  of  Kan- 
kakee River  water. 

The  collections  at  Morris  were  made  by  Mr.  J.  W.  Miller. 

No.  8 — The  Fox  River  at  Ottawa.  The  Fox  River  constitutes  an- 
other great  diluting  factor.  The  area  drained  by  the  Fo.x  River,  2,697 
square  miles,  is  about  one-half  that  drained  by  the  Kankakee  River,  5,146 
square  miles,  but  the  volume  of  discharge  is  relatively  large.  The  sam- 
ple collected  from  this  stream  was  taken  at  a point  above  the  town  and 
above  the  aqueduct  which  carries  the  water  of  the  Illinois  and  Michigan 
Canal  across  the  stream.  The  Fox  River  receives  the  sewage  and  manu- 
facturing wastes  of  a number  of  towns,  of  which  Elgin  (population, 
1900,  22,433)  ^i^cl  Aurora  (population,  24,147)  are  the  largest. 

No.  9 — The  Illinois  River  at  Ottawa.  Collection  at  this  point  was 
made  at  about  a mile  above  the  entrance  of  the  Fox  River  and  above 
the  point  where  town  sewage  enters,  and  show's  the  change  resulting 
from  24  miles’  flow  without  notable  dilution  and  without  material  addi- 
tion of  impurities,  but  the  mixing  of  the  discharges  from  the  Desplaines 
and  the  Kankakee  is  not  yet  complete  at  this  point,  33  miles  below  the 
confluence  of  these  two  streams. 

The  collections  at  Ottawa  were  made  by  IMr.  Lester  Horan. 

No.  10 — The  Big  Vermilion  River  at  La  Salle.  This  is  another 
important  tributary  draining  an  area  of  1,413  square  miles  and  receiv- 
ing sewage  from  the  towns  of  Streator  and  Pontiac,  as  well  as  the  wastes 
from  a number  of  cement  factories  situated  upon  its  banks  a short  dis- 
tance above  its  mouth.  The  sample  was  collected  about  one-half  mile 
within  the  mouth  of  the  stream,  which  is  three  miles  above  the  bridge 
at  La  Salle. 

No.  II — The  Illinois  River  at  La  Salle.  The  sample  at  La  Salle 
was  taken  beside  the  wagon  bridge  which  crosses  the  stream  at  this 
point.  This  is  about  three  miles  lielow  the  mouth  of  the  Big  Vermilion, 
at  a point  where  comparatively  little  of  the  sewage  of  La  Salle  has  en- 
tered the  stream,  and  above  the  point  at  which  the  Illinois  and  Michigan 
Canal,  which  receives  most  of  the  house  sewage  of  La  Salle,  finally  dis- 
charges into  the  river. 

No.  12  1 he  Illinois  and  Michigan  Canal  at  La  Salle.  The  sainple 
was  taken  from  the  lower  basin  of  the  canal,  just  above  the  point  at 
which  it  discharges  into  the  river  and  where  it  has  received  consideiable 
of  the  sewage  of  the  town  of  La  Salle. 

The  collections  at  these  three  points,  i.  e..  Nos.  10,  11  and 
made  by  Dr.  W’illiam  l-'raser  of  La  Salle. 
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N'o.  13 — The  Illinois  River  at  Henry.  Between  La  Salle  and  Henry 
there  is  comparatively  little  dilution,  but  the  river  receives  the  final  dis- 
charge from  the  Illinois  and  Michigan  Canal  and  most  of  the  sewage 
of  La  Salle  in  addition  to  the  sewage  of  Peru.  The  sewage  from  both 
of  these  towns  includes  considerable  manufacturing  wastes  from  zinc 
works,  fertilizer  works,  etc.,  etc.,  in  addition  to  house  sewage.  The 
sample  at  Henry  was  taken  above  the  dam. 

The  collection  at  Henry  was  made  by  Mr.  H.  McCune,  keeper  of 
the  state  lock. 

No.  14 — The  Illinois  River  at  Avery ville.  The  collecting  station  was 
at  the  bridge  over  the  Narrows,  about  three  miles  above  the  city  of 
Peoria.  The  results  obtained  here  show  the  degree  of  purity,  both  bac- 
terial and  chemical,  attained  during  the  flow  O'f  130  miles  from  Lockport, 
the  point  at  which  the  sewage  is  first  discharged  into  the  Desplaines  and 
Illinois  River  Valley. 

The  collections  were  made  by  Mr.  Robert  Martin,  engineer,  under 
the  supervision  of  the  superintendent  of  the  Peoria  Waterworks,  the 
wells  and  pumping  station  of  which  are  located  quite  near  the  bridge. 

No.  15 — ^The  Illinois  River  at  Wesley  City.  The  city  of  Peoria 
(population,  1900,  56,100)  contributes  a large  amount  of  organic  refuse 
to  the  river  between  points  No.  14  and  No.  15.  Not  only  does  the 
main  part  of  the  house  sewage  enter,  but  there  is  also  a great  addition  of 
manufacturing  wastes  and  distillery  slops  and  discharges  from  glucose 
factories  and  the  drainage  from  extensive  cattle  sheds  and  stockyards, 
The  Wesley  City  collection  was  made  about  four  miles  below  this  outpour 
of  pollution.  The  amount  of  the  Peoria  pollution  varies  greatly  at  dif- 
ferent seasons  in  the  year  and  at  different  hours  of  the  day,  a fact  that 
aids  in  explaining  irregularities  and  fluctuations,  particularly  in  the  num- 
ber of  bacteria.  Kickapoo  Creek  discharges  into  the  Illinois  River  just 
above  this  point;  it  carries  considerable  organic  matters  derived  from 
distilleries  which  drain  to  it.  At  certain  seasons  of  the  year  its  flow  is 
considerable,  and  as  the  distance  from  its  mouth  to  the  collecting  point, 
Wesley  City,  is  not  great,  considerable  variations  are  often  due  to  the 
incomplete  mixing  of  its  waters  with  those  of  the  Illinois. 

No.  16 — The  Illinois  River  at  Pekin.  The  samples  were  collected 
at  the  bend  in  the  river  several  hundred  yards  below  the  last  point  at 
which  sewage  is  discharged  into  the  stream.  The  house  sewage  of  Pekin, 
the  discharges  of  distillery  slop  and  those  from  large  cattle-sheds  and 
stockyards,  glucose  factories,  fertilizer  works,  and  so  on,  enter  the  river 
here. 

The  collections  at  Pekin  and  at  Wesley  City  were  made  by  Mr.  D.  H. 
Jansen  of  Pekin,  county  surveyor  of  Tazewell  County. 

No.  17 — The  Illinois  River  at  Havana.  The  collection  here  was 
made  above  the  town  and  above  the  mouth  of  the  Spoon  River.  The 
results  of  the  examinations  show  the  changes  which  take  place  in  the 
impurities  contained  in  the  water  during  the  flow  of  30  miles  from  Pekin 
to  this  point.  Between  Pekin  and  this  point  there  is  no  notable  addition 
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of  impurities,  and  the  dilution  from  small  tributaries  is  ordinarily  com- 
paratively slight. 

The  collections  at  Havana  were  made  by  Mr.  H.  G.  Heberling. 

No.  i8 — The  Sangamon  River  at  Chandlerville  (drainage  area,  5,592 
square  miles).  The  sewage  of  various  towns,  some  of  them  of  consid- 
erable size,  enters  this  stream  at  various  points  along  its  course,  notably 
that  of  Springfield,  with  a population  of  34,159  (1900),  which  enters 
about  45  miles  above  Chandlerville.  , 

The  collections  at  Chandlerville  were  made  by  Mr.  E.  O.  Spink. 

No.  19 — The  Illinois  River  at  Beardstown.  Little  organic  impurity 
is  added  to  the  river  below  the  mouth  of  the  Sangamon.  The  examina- 
tions of  the  water  at  Beardstown  serve  to  show  the  changes  wrought  by 
the  natural  purifying  processes  and  by  the  mixing  of  the  Illinois  River 
water  with  the  waters  of  the  Sangamon  River. 

The  collections  at  Beardstown  were  made  by  Mr.  G.  W.  Barney- 
castle,  under  the  supervision  of  Mr.  J.  A.  Carney  of  the  C.,  B.  & Q. 
Railroad. 

No.  20 — The  Illinois  River  at  Kampsville.  The  sample  at  this  point 
was  taken  just  above  the  United  States  dam,  which  is  about  30  miles 
above  the  mouth  of  the  river.  There  is  no  notable  discharge  of  impur- 
ities into  the  river  between  Beardstown  and  Kampsville,  and,  indeed, 
between  Beardstown  and  Grafton,  but  a number  of  small  streams  dis- 
charge into  the  Illinois  between  these  points. 

The  collection  at  Kampsville  was  made  under  the  direction  of  Mr. 
C.  V.  Brainard,  assistant  United  States  engineer,  who  is  in  charge  of 
the  dam  and  of  the  work  of  the  improvement  of  the  Lower  Illinois 
River. 

No.  21 — The  Illinois  River  at  Grafton.  A sample  of  water  was 
taken  at  a point  about  two  miles  within  the  mouth  of  the  Illinois  River 
and  above  the  point  at  which  any  mixing  of  the  water  of  the  Mississippi 
with  the  water  of  the  Illinois  occurs. 

No.  22 — The  Mississippi  River  at  Graffon.  A sample  was  taken 
from  mid-channel  of  the  Mississippi  River  at  a point  above  the  mouth  of 
the  Illinois  and  where  there  can  be  no  mixing  of  the  Illinois  River  water 
with  that  of  the  Mississippi. 

The  collections  at  Grafton  were  made  by  Mr.  B.  F.  Robinson. 

Nos.  23-27 — Mississippi  River  at  Alton.  At  Alton  five  samples 
of  water  were  taken  from  the  Mississippi  River  above  the  town  and  at 
points  opposite  the  new  pumping  station  of  the  Alton  waterworks,  as 
follows:  The  first  sample  at  100  feet  from  the  Illinois  shore,  the  second 
at  one-fourth  distance  from  the  Illinois  shore  across  stream,  the  third 
sample  from  mid-channel,  the  fourth  sample  at  one-fourth  distance  from 
the  Missouri  shore  across  stream,  and  the  fifth  sample  at  100  feet  from 
the  Missouri  shore.  No  sewage  from  Alton  enters  the  river  within  half 
a mile  or  more  of  this  point,  and  the  drainage  from  the  two  or  three 
hamlets  between  Alton  and  the  mouth  of  the  Illinois  is  so  inconsiderable 
that  the  data  from  these  cross-section  samples  would  seem  to  fairly 
represent  the  amount  of  mixing  of  the  Mississippi  and  the  Illinois  River 
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waters  during  the  flow  from  Grafton  to  Alton,  a distance  of  about  17 
miles. 

The  collections  at  Alton  were  made  by  Mr.  George  Brooks. 

No.  28 — ^The  Missouri  River  at  West  Alton.  The  condition  of  the 
Missouri  River  just  before  it  mixes  with  the  Mississippi  is  shown  by 
the  collections  at  this  point.  The  samples  were  taken  just  beside  the 
C.,  B.  & O.  Railway  bridge  at  Bellefontaine. 

The  collections  at  West  Alton  were  made  by  Mr.  James  IMathews. 

Nos.  29-32 — The  Mississippi  River  at  “The  Chain  of  Rocks.”  At 
Mitchell,  or  “The  Chain  of  Rocks”  that  is,  at  the  point  where  the 
pumping  station  of  the  St.  Louis  waterworks  is  situated,  four  samples 
from  the  Mississippi  River  were  taken,  as  follows : The  first  400  feet 
from  the  Illinois  shore,  the  second  from  mid-channel  of  the  Mississippi 
River,  i.  e.,  about  midway  between  the  intake  tower  of  the  St.  Louis 
waterworks  and  the  Illinois  shore ; the  third  sample  immediately  beside 
the  intake  tower  of  the  St.  Louis  waterworks  pumping  plant,  and  the 
fourth  sample  at  about  400  feet  from  the  Missouri  shore,  between  the 
intake  tower  and  the  Missouri  shore. 

The  collections  at  this  place  were  made  by  Mr.  Henry  Atkins,  a 
prominent  farmer  residing  upon  the  banks  of  the  Mississippi  at  this 
point,  the  nearest  railway  station  being  at  Mitchell,  111.,  about  four  miles 
away. 

No.  33 — St.  Louis  Tap  Water.  The  water  drawn  from  the  river  at 
the  intake  at  the  “Chain  of  Rocks”  is  passed  through  several  settling 
basins  before  it  is  delivered  to  the  consumer  in  the  city.  The  grosser 
effect  of  subsidence  is  shown  by  the  great  reduction  of  suspended  mat- 
ters from  876  parts  at  the  intake  tower  to  98  parts  in  the  tap  water  as 
delivered  in  the  city  in  1899  ^>330  97  respectively  in  1900. 

Nos.  34-38 — 'Mississippi  River  at  Jefferson  Barracks.  A cross-sec- 
tion of  the  Mississippi  River  was  made  six  miles  below  the  city  of  St. 
Louis,  i.  e.,  nine  miles  below  the  Eads  bridge,  for  the.  purpose  of  deter- 
mining the  effect  produced  upon  the  Mississippi  River  water  by  the  addi- 
tion of  sewage  and  manufacturing  wastes  of  the  city. 

The  collections  at  Jefferson  Barracks  and  from  the  St.  Louis  tap 
were  made  by  Mr.  Emil  A.  Appel  a«id  Mr.  August  Johnson. 

Ihe  collectors  at  La  Salle,  Averyville,  Kampsville,  Grafton  and 
Alton  had  already  had  considerable  experience  in  collecting  water  samples 
for  the  State  Water  Survey. 

Ihe  map  on  page  8 shows  the  relative  situations  of  the  various 
points  of  collection. 

METHODS  OF  PHYSICAL  AND  CHEMICAL  EXAMINATION'. 

Wdicn  the  samples 'were  received  at  the  laboratory  a serial  number 
was  immediately  placed  upon  each  bottle  and  upon  the  tag  or  certificate 
which  accompanied  it;  then  the  rubber  cloth  which  covered  the  stopper 
was  removed,  the  stopper  and  neck  of  the  bottle  cleaned,  and,  after 


withdrawing  the  stopper,  some  of  the  water  was  so  poured  out  as  to  rinse 
off  the  lip  of  the  bottle. 

After  noting  the  turbidity,  but  before  beginning  the  analysis,  the 
sample  was  thoroughly  shaken  and  every  effort  was  made  to  keep  all 
solid  matters  in  suspension  while  the  portions  were  being  taken  for  the 
various  determinations.  Nearly  half  of  the  sample  was  immediately  fil- 
tered through  heavy  Swedish  filters,  which  had  been  previously  washed 
with  nitrogen  free  water.  Often  it  was  necessary  to  filter  more  than 
once. 

The  nitrites  were  always  determined  immediately  upon  reception  of 
the  sample  in  the  laboratory ; the  determinations  of  nitrates,  the  ammonias 
and  oxygen  consumed  were  begun  at  once  also,  and  the  others  were 
started  as  soon  as  possible.  Some  of  the  determinations,  as  the  total 
solids  and  chlorine,  were  ordinarily  not  finished  until  several  days  after 
that  upon  which  the  sample  was  received  in  the  laboratory. 

In  the  tables  of  results,  the  date  of  collection  indicates  the  date  placed 
upon  the  collector’s  tag  at  the  time  the  sample  was  taken.  The  date  of 
analysis  refers  to  the  time  of  the  receipt  of  the  sample  in  the  laboratory, 
which  also  invariably  represents  the  day  when  the  analysis  of  the  sample 
was  begun. 

Turbidity  and  Sediment. — The  amount  of  sediment  and  the  degree 
of  turbidity  were  noted  from  mere  visual  inspection  at  the  time  the  sample 
was  received  and  again  in  a portion  of  the  sample  after  standing  over 
night,  and  are  indicated  in  the  tables  of  results  by  the  very  approximate 
.terms,  “slight,”  “distinct,”  “decided”  and  “much,”  to  indicate  the  degree 
of  turbidity,  and  the  terms,  “very  little,”  “little,”  “considerable”  and 
“much,”  to  indicate  the  relative  quantity  of  sediment.  A more  definite 
idea  of  the  amount  and  nature  of  the  suspended  matters  is,  of  course,  to 
be  had  from  the  figures  recorded  in  the  respective  columns  under  the 
headings:  “Total  Solids,”  “Loss  on  Ignition,”  “Oxygen  Consumed,”  “Al- 
buminoid Ammonia,”  etc. 

Odor. — Note  was  made  of  the  odor  after  thoroughly  shaking  the 
water  in  the  bottle  just  before  the  portions  of  the  sample  were  poured 
out  for  the  determination  of  the  various  constituents,  and  the  result  of 
the  observation  was  roughly  expressed  as  “oily,”  “gassy,”  “musty,” 
“none,”  etc. 

The  Color. — The  color  of  the  water  was  determined  by  comparison 
with  the  color  developed  in  the  ammonia  standard  solution  used  in  ness- 
lerization ; in  most  cases  it  was  necessary  to  filter  the  water  for  this 
purpose. 

The  figure  recorded  in  each  case  represents  the  volume  of  standard 
ammonium  chloride  solution  required  to  develop  the  same  tint  when 
diluted  to  fifty  cubic  centimeters  with  ammonia  free  w^ter  and  treated 
with  the  usual  amount  of  nessler  reagent ; that  is,  the  color  recorded  as 
I,  represents  the  color  developed  by  nesslerization  of  a solution  containing 
one  cubic  centimeter  of  the  standard  ammonic  chloride  solution  diluted 
to  fifty  cubic  centimeters  with  ammonia  free  water;  or,  in  other  words, 
fifty  cubic  centimeters  of  a solution  which  contains  ammonic  chloride 
equivalent  to  one  one-hundredth  of  a milligram  of  nitrogen. 
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The  tubes  employed  were  those  used  in  the  regular  nesslerization. 
They  are  of  colorless  glass,  ten  inches  in  extreme  length  and  eight  inches 
high  to  the  mark ; bottoms  are  ground  smooth  and  polished. 

Total  Solids. — For  the  determination  of  the  total  solids,  to  two  hun- 
dred and  fifty  cubic  centimeters  of  the  water,  five  cubic  centimeters  of  a 
four-tenths  per  cent  sodium  carbonate  solution  were  added,  and  the  liquid 
boiled  to  dryness  in  a platinum  dish  upon  the  water  bath  When  dry, 
the  dish  and  its  contents  were  placed  in  the  air  bath,  kept  at  i8o  degrees 
Centigrade,  and  were  heated  until  the  weight  was  essentially  constant, 
the  time  of  heating  ordinarily  being  one  hour. 

Loss  on  Ignition. — The  loss  on  ignition  was  determined  by  heating 
the  residue  from  evaporation  in  a radiator  to  low  redness.  No  attempt 
was  made  to  entirely  burn  away  all  carbonaceous  matter  contained  in 
the  residue,  and  the  residues  frequently  were  quite  dark  in  appearancee 
from  presence  of  minute  particles  of  carbon. 

Chlorine. — The  chlorine  determinations  were  made  by  the  ordinary 
standard  process  by  titration  with  silver  nitrate  solution.  The  indicator 
employed  was  potassium  chromate  of  five  per  cent  strength,  one  cubic 
centimeter  of  the  solution  being  used  with  each  lot  of  water  titrated. 

The  end  point  was  in  all  cases  determined  by  close  comparison  with 
a blank.  Fifty  cubic  centimeters  of  water  were  ordinarily  taken  for  the 
determination,  but  in  case  there  was  reason  to  suppose  that  the  water 
contained  less  than  ten  parts  of  chlorine  per  million,  a larger  quantity 
was  used.  In  all  such  cases  two  hundred  and  fifty  cubic  centimeters  or 
more  were  employed.  To  the  measured  water,  five  cubic  centimeters' 
of  sodium  carbonate  solution  (four  grams  Na^COs  to  the  liter)  were  added 
and  the  liquid  boiled  down,  the  final  volume  being  brought  to  fifty  cubic 
centimeters  before  the  determination  was  made. 

Oxygen  Consumed. — ^For  the  determination  of  the  oxygen  con- 
sumed, one  hundred  cubic  centimeters  of  the  water  were  used.  To  this, 
two  cubic  centimeters  of  pure  concentrated  sulphuric  acid  were  added, 
and  then  ten  cubic  centimeters  of  the  standard  potassium  permanganate 
solution,  the  strength  used  being  such  that  one  cubic  centimeter  was 
equivalent  to  one-tenth  milligram  of  oxygen. 

Every  effort  was  made  to  have  all  determinations  of  oxygen  con- 
sumed conducted  with  the  greatest  uniformity  throughout.  The  heating 
was  effected  by  immersing  the  flasks  containing  the  mixture  in  the 
boiling  water  of  a large  bath.  The  time  of  heating  was  made  exactly 
thirty  minutes  in  each  case,  and  the  determination  was  carried  out  imme- 
diately upon  removing  the  flasks  with  their  contents  from  the  bath. 

Nitrogen  as  Free  or  Saline  Ammonia. — Two  hundred  and  fifty 
cubic  centimeters  of  the  water  sample  were  diluted  to  500  cubic  centi- 
meters with  nitrogen  free  distilled  water.  Five  cubic  centimeters  of  a 
twenty  per  cent  sodium  carbonate  solution  were  added  and  the  liquid 
distilled  from  round-bottomed  Jena  glass  flasks  of  capacity  900  cubic 
centimeters.  The  flasks  were  supiwrted  upon  asbestos  rings  and  heated 
by  direct  application  of  the  flame.  Connection  with  the  condenser  was 
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made  by  means  of  the  modified  form  of  Reitmair  and  Stiitsen  safety 
bulb  designed  by  Hopkins. 

We  at  first  employed  condensing  tubes  of  block  tin,  three-eighths 
of  an  inch  internal  diameter,  with  a cooling  surface  twenty  inches  in 
length,  but  for  most  of  the  work  we  employed  tubes  of  aluminium  of 
the  same  dimensions.  The  tubes  pass  through  a galvanized  iron  tank, 
through  which  a constant  current  of  cold  water  is  kept  flowing.  Before 
each  determination  the  entire  apparatus  was  thoroughly  steamed  until 
free  of  ammonia. 

As  all  of  the  river  waters  contained  considerable  nitrogen  as  free 
ammonia,  the  distillate  was  collected  in  flasks  of  200  cubic  centimeters 
capacity,  the  distillation  being  continued  until  the  flasks  were  full  to 
the  mark,  and  at  such  rate  that  from  thirty  to  forty  minutes  lapsed  be- 
tween the  appearance  of  the  first  drops  of  distillate  and  the  completion 
of  the  distillation  of  the  200  cubic  centimeters.  The  distillates  thus 
caught  were  thoroughly  mixed,  the  flasks  stoppered  and  set  aside  for 
the  nesslerization. 

Nitrogen  as  Albuminoid  Ammonia. — The  determination  of  the  al- 
buminoid ammonia  was  made  in  the  usual  manner  upon  the 
residue  remaining  from  the  determination  of  free  ammonia.  The 
apparatus  and  contents  having  been  somewhat  cooled,  fifty  cubic 
centimeters  of  the  usual  alkaline  permanganate  solution  were 
added  through  a funnel,  the  flask  immediately  connected  again  with  the 
still,  and  distillation  proceeded  with  at  the  same  rate  as  in  the  determina- 
tion of  the  free  or  saline  ammonia.  The  distillate  was  caught  in  flasks 
of  200  cubic  centimeters  capacity,  and  the  distillation  was  considered 
complete  when  two  hundred  cubic  centimeters  had  come  over. 

Nesslerization. — In  conducting  the  nesslerization,  care  was  always 
taken  that  the  distillates  and  the  standards  were  of  the  same  tempera- 
ture. Commonly  those  distillates  obtained  in  the  afternoon  were  allowed 
to  stand  in  a cool  place  until  the  next  morning  before  proceeding  with 
the  determination. 

The  ammonium  chloride  solution  used  for  the  comparisons  was  of 
such  strength  that  one  cubic  centimeter  contained  ammonium  chloride 
corresponding  to  one  one-hundredth  of  a milligram  of  nitrogen. 

The  eighteen  standards  used  in  the  comparison  were  made  of  the 
lowing  strengths,  i.  e.,  the  quantities  of  standard  ammonium  chloride 
solution  used  were  .05,  .1,  .2,  .4,  .6,  .8,  i.  cubic  centimeter,  1.2,  1.4,  1.6, 
1.8,  2.,  2.5,  3.,  3.5,  4.,  4.5,  5.  cubic  centimeters. 

In  nesslerizing,  one  cubic  centimeter  of  the  nessler  solution  was 
added  to  the  contents  of  each  nessler  tube  and  the  mixture  allowed  to 
stand  twenty  minutes  for  the  development  of  the  full  color.  The  reagent 
was  always  added  to  the  samples  and  the  standards  simultaneouslv.  and 
the  readings  were  all  taken  within  one  hour  of  the  time  when  the  re- 
agent was  added.  ^ 

1 he  com])arisons  have  been  greatly  facilitated  by  the  use  of  a black 
wooden  box  or  camera,  wbich  cuts  out  all  side  lights,  the  tubes  being 
illuminated  from  the  bottom  by  means  of  a mirror  reflecting  light  from 
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tKe  northern  sky,  the  cross-section  of  thcv  tubes  being  brought  to  the  eye 
by  another  mirror  placed  just  above  the  tubes. 

Total  Organic  Nitrogen. — The  total  organic  nitrogen  in  the  original 
water  and  in  the  filtered  water  was  determined  by  the  Kjeldahl  process, 
as  follows : Two  hundred  and  fifty  cubic  centimeters  of  the  water  were 
diluted  with  250  cubic  centimeters  of  nitrogen  free  distilled  water;  then 
five  cubic  centimeters  of  twenty  per  cent  sodium  carbonate  solution  were 
added  and  the  mixture  distilled  as  usual  for  the  removal  of  all  free  am- 
monia, the  distillation  being  pushed  to  precisely  the  same  point  as  that 
reached  in  the  distilling  over  of  free  ammonia  for  the  determination  of 
free  or  saline  ammonia  and  albuminoid  ammonia.  To  the  residue  in  the 
flask  ten  or  twenty  cubic  centimeters  of  pure  nitrogen  free  sulphuric 
acid  were  added  and  the  solutions  heated  under  the  proper  precautions 
until  the  water  was  all  expelled  and  the  organic  matters  completely 
destroyed. 

After  cooling,  250  cubic  centimeters  of  ammonia  free  water  were 
added  and  then  an  excess  (usually  about  fifty  cubic  centimeters)  of  strong 
nitrogen  free  sodium  hydroxide  solution.  The  flask  was  immediately 
connected  with  the  condenser,  the  contents  mixed  by  thorough  shaking 
and  the  distillation,  which  was  conducted  at  first  very  slowly,  was  con- 
tinued until  200  cubic  centimeters  were  distilled  over.  After  thorough 
mixing,  an  aliquot  portion  of  this  distillate  was  employed  for  nessleriza- 
tion  in  the  ordinary  manner. 

Nitrogen  as  Nitrites. — Fifty  cubic  centimeters  of  the  water  were 
placed  in  a nessler  tube,  one  cubic  centimeter  of  an  acid  solution  of 
naphthylamine  hydrochloride  (eight  grains  of  naphthylamine,  eight  cubic 
centimeters  of  strong  hydrochloric  acid  and  sufficient  water  to  make  one 
liter  of  solution)  and  one  cubic  centimeter  of  a saturated  solution  of 
sulphanilic  acid  in  water  containing  five  per  cent  of  strong  hydrochloric 
acid  were  added,  and  the  mixture  allowed  to  stand  for  one  hour. 

Simultaneously  with  the  addition  of  the  reagents  to  the  water  which 
was  being  examined,  the  same  quantities  of  reagents  were  added  to  a 
series  of  solutions  which  contained  accurately  known  quantities  of  pure 
sodium  nitrite.  If  a color  appeared  in  the  water  sample  in  course  of 
twenty  minutes  to  one  hour  after  addition  of  the  reagents,  it  was  matched 
with  some  one  of  the  tints  produced  in  the  series  of  standards,  and  the 
quantity  of  nitrite  contained  in  the  original  water  was  regarded  as  being 
the  same  as  that  contained  in  the  standard  which  produced  the  same 
tint.  If  no  color  developed  in  the  course  of  an  hour,  the  water  was  con- 
sidered free  of  nitrites. 

Many  of  the  river  waters  examined  contained  so  much  nitrites 
that  the  color  developed  in  the  undiluted  sample  was  too  deep  for  ac- 
curate comparison.  In  such  cases  quantities  of  from  one  to  ten  cubic 
centimeters  of  the  sample  were  diluted  to  fifty  cubic  centimeters  with 
nitrogen  free  water  before  adding  the  reagents. 

Standard  solution  of  sodium  nitrite  was  prepared  from  pure  silver 
nitrite  by  reaction  with  sodium  chloride,  and  for  convenience  in  making 
up  the  standards  was  made  in  two  <>trengths,  one  solution  containing  in 
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one  cubic  centimeter  the  equivalent  of  .005  milligram  of  nitrogen,  the 
other  .0005  milligram  of  nitrogen. 

Waters  which  were  turbid  or  deeply  colored  were  clarified  and  de- 
colorized by  treatment  with  aluminium  hydroxide  and  filtration  before 
testing  for  nitrites.  The  comparison  of  tints  was  made  in  the  camera 
described  under  Nesslerization, 

Nitrogen  as  Nitrates, — One  hundred  cubic  centimeters  of  the  water 
were  treated  with  two  cubic  centimeters  of  nitrogen  free  sodium  hydrox- 
ide solution  of  thirty-three  per  cent  strength,  and  the  solution  boiled 
down  rapidly  to  about  one-third  its  volume  to  remove  free  ammonia; 
the  liquid  was  then  diluted  to  one  hundred  cubic  centimeters  with  nitro- 
gen free  distilled  water,  cooled  and  put  into  a large  test  tube. 

One  gram  of  aluminium  in  the  form  of  a strip  of  thin  foil  was  intro- 
duced and  the  tube  with  its  contents  placed  in  a water  bath,  the  tempera- 
ture of  which  was  kept  at  about  25  degrees  Centigrade,  where  it  was, 
allowed  to  remain  over  night.  The  reductions  to  ammonia  were  ordinarily 
complete  when  the  examinations  were  continued  next  morning. 

The  contents  of  the  reduction  tube,  including  such  portion  of  the 
aluminium  foil  as  remained,  were  transferred  to  a distillation  flask,  250 
cubic  centimeters  of  nitrogen  free  water  being  used  to  wash  out  the  tube 
and  dilute  the  liquid.  The  distillation  and  subsequent  nesslerization  were 
conducted  precisely  as  for  the  determination  of  free  or  saline  ammonia. 
Dissolved  Oxygen, — For  the  determination-  of  dissolved  oxygen,  we 
have  found  the  method  of  Albert  Levy  most  satisfactory.*  The  process 
involves  the  use  of  a special  pipette,  with  glass  cock  at  each  end.  The 
capacity  of  the  pipettes  which  we  have  used  is  exactly  107  c.c.  The  re- 
agents employed  consist  of  a solution  of  150  grams  of  caustic  potash  in  a 
liter  of  water,  a solution  of  22  grams  of  ammonio  ferrous  sulphate  in  a 
liter  of  water,  a fifty  per  cent  solution  of  sulphuric  acid  and  a standard 
solution  of  potassium  permanganate  of  such  strength  that  one  cubic 
centimeter  is  exactly  equivalent  to  one-tenth  of  a milligram  of  oxygen. 

The  method  of  procedure  is  as  follows : The  pipettes  are  filled 
with  the  water  either  by  immersing  in  the  stream  itself  or  by  use  of  a 
rubber  syringe.  Then  two  cubic  centimeters  of  the  caustic  alkali  solu- 
tion are  put  into  the  funnel  at  the  top,  and,  by  careful  manipulation  of 
the  two  cocks,  are  allowed  to  enter  and  mix  with  the  water  without  ad- 
mitting air.  The  funnel  is  then  rinsed  out  and  five  cubic  centimeters 
of  the  ammonio  ferrous  sulphate  solution  introduced  into  the  funnel 
and  then  into  the  pipette  by  the  same  manipulation  as  before.  The  water 
run  out  of  the  pipette  at  the  bottom  as  the  reagents  are  admitted  at  the 
top  is  caught  in  the  beaker  in  which  the  subsequent  titration  with  per- 
manganate is  to  be  effected  and  which  already  contains  two  cubic 
centimeters  of  fifty  per  cent  sulphuric  acid. 

It  is  assumed  that  the  alkali  and  the  iron  solution  in  entering  the 
pipette  displace  their  own  volume  of  the  water,  and  with  careful  manipula- 
tion this  undoubtedly  is  essentially  effected,  so  that  we  may  assume  that 

♦This  method  Is  as  described  in  the  Aanualre  de  L’Observatoire  de  Mont-Sourls,  for  1883  and 
subsequent  years. 
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within  the  pipette  there  remain  lOO  cubic  centimeters  of  the  original  water 
with  the  seven  cubic  centimeters  of  the  reagents. 

The  mixing  of  the  liquids  within  the  pipette  is  effected  by  shaking 
the  pipette  with  an  eccentric  rotatory  motion.  In  the  course  of  a few 
minutes  the  action  is  completed,  and  from  the  color  of  the  precipitate 
one  may  gather  an  idea  as  to  the  relative  amount  of  oxygen  contained 
in  the  solution ; that  is,  if  the  water  is  about  saturated,  the  precipitate 
is  apt  to  show  a somewhat  brownish  color,  due  to  the  ferric  h3xlroxide, 
while  if  the  quantity  of  oxygen  is  very  small  the  precipitate  is  likely 
to  be  black,  showing  the  preponderance  of  the  ferrous  hydroxide  in  the 
precipitate. 

After  a few  minutes,  when  the  action  is  thought  to  be  complete,  five 
cubic  centimeters  of  sulphuric  acid  are  introduced  into  the  funnel,  and, 
the  cock  between  the  funnel  and  the  pipette  being  opened,  the  sulphuric 
acid,  by  reason  of  its  greater  gravity,  passes  from  the  funnel  down  into 
the  interior,  and  mixing  with  the  liquid  dissolves  the  hydroxides  of  iron 
and  renders  the  entire  liquid  acid. 

When  this  reaction  is  complete,  as  shown  by  the  clearing  up  of  the 
solution,  the  contents  of  the  pipette  are  run  into  the  beaker,  and  the  ex- 
cess of  ferrous  salt  determined  by  titration  with  the  standard  perman- 
ganate solution.  A blank  is  run  upon  107  cubic  centimeters  of  the  origi- 
nal water  for  every  determination  that  is  made,  this  being  easily  done 
while  the  reactions  are  taking  place  within  the  pipette. 

In  running  the  blank,  107  cubic  centimeters  of  the  water  are  meas- 
ured into  a beaker,  then  seven  cubic  centimeters  of  the  sulphuric  acid 
are  added  and  the  liquid  mixed ; after  this  the  caustic  potash,  two  cubic 
centimeters,  is  added,  and  finally  precisely  five  cubic  centimeters  of 
the  ferrous  sulphate  solution.  Then  the  titration  is  effected  as  in  the 
actual  determination.  The  difference  between  the  two  readings — i.  e., 
that  of  the  blank  and  that  of  the  direct  determination — represents  the 
quantity  of  dissolved  oxygen  in  one  hundred  cubic  centimeters  of  the 
water. 

We  have  found  the  method  of  Levy  more  convenient  than  the 
Winkler  method.  Its  advantages  appear  to  us  to  be  mainly  due  to  the 
fact  that  the  blank  to  accompany  each  determination  is  so  easily  made ; 
whereas,  with  the  Winkler  method,  the  determination  of  the  blank,  which 
with  the  river  waters  concerned  in  these  investigations  is  necessary  for 
every  sample  examined,  entails  so  much  labor  as  to  limit  the  applicability 
of  the  method. 

As  it  has  not  been  practicable  for  us  to  make  all  of  the  oxygen 
determinations  upon  the  spot,  we  have  had  a great  many  samples  of 
water  shipjx^d  from  the  river  to  the  laboratory.  The  determinations  of 
the  oxygen  in  these  are,  in  most  instances,  made  within  twenty-four 
hours  of  the  time  of  collection,  but  in  that  length  of  time  the  dissolved 
oxygen  is  found  in  most  cases  to  diminish  considerably  in  amount. 

The  waters  of  the  Illinois  River  and  its  tributaries  and  those  of 
the  Mississippi  contain  a great  deal  of  organic  matter  which  is  easily 
susceptible  to  the  intlucnce  of  dissolved  oxygen.  We  have  found,  how'- 
ever,  that  it  is  perfectly  practicable  to  treat  the  water  samples  with  a 
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little  mercuric  chloride  and  thus  prevent  such  reactions  as  result  in  the 
disappearance  and  consequent  diminution  of  the  dissolved  oxygen ; so 
that  it  has  been  practicable  for  us  in  the  laboratory  to  make  the  com- 
parison of  the  original  quantity  and  also  of  the  staying  qualities  of 
the  dissolved  oxygen  in  the  water. 

With  a set  of  samples  treated  with  a few  drops  of  saturated  solu- 
tion of  mercuric  chloride  we  get  a result  which  is  essentially  the  same 
as  that  shown  by  the  determination  on  the  spot,  while  with  the  other 
set  of  samples  which  have  been  shipped  in  the  original  condition — i.  e,, 
merely  in  bottles  which  are  entirely  filled,  but  which  have  not  been  treated 
with  mercuric  chloride — it  is  found  that  the  dissolved  oxygen  is  con- 
siderably less  in  amount.  The  difference  between  the  two  is  a rough 
indication  of  the  condition  of  the  water  with  respect  to  content  of  dis- 
solved oxygen  and  content  of  such  impurities  as  easily  cause  the  dis- 
appearance of  dissolved  oxygen. 

Our  comparisons  of  the  Winkler  method  with  the  Levy  method 
show  that  the  latter  method  gives  somewhat  higher  result,  but  the  differ- 
ences are  ordinarily  very  slight,  and  for  comparative  results  the  Levy 
method  is  so  superior  in  economy  of  time  and  labor  that  of  late  we 
have  used  it  almost  exclusively. 


CHEMICAL  EXAMINATIONS. 

Our  sanitary  chemical  analyses  have  included  fourteen  different 
quantitative  determinations  upon  each  sample  of  water,  the  results  of 
which  appear  in  Tables  Nos.  i to  8o,  but  for  the  present  we  need  consider 
only  those  substances  which  are  generally  regarded  as  of  the  greatest 
significance  in  indicating  the  relative  condition  of  the  waters  of  streams — 
namely,  chlorine,  oxygen  consumed,  free  ammonia,  albuminoid  ammonia, 
organic  nitrogen  and  nitrites. 

As  is  well  known,  and  as  also  appears  from  the  data  of  our  exami- 
nations, the  water  of  the  canal  at  Bridgeport  is  exceedingly  foul,  being 
charged  with  all  sorts  of  refuse  matters  and  sewage.  During  the  period 
May  I,  1899,  to  December  31,  1899  (for  details  see  Tables  1-38  and  the 
averages  of  Table  A,  page  . . . ),  there  was  comparatively  little  change  in 
the  character  of  the  canal  water  as  it  flowed  from  Bridgeport  to  Lock- 
port,  i.  e.,  the  organic  matters  were  present  in  practically  the  same 
quantity  at  Lockport  as  they  were  at  Bridgeport. 

The  effect  of  the  dilution  of  the  canal  water  by  mixing  with  the 
waters  of  the  Desplaines  River  at  Joliet  was  to  diminish  the  propor- 
tions of  the  various  constituents  and  render  it  possible  for  the  putrefac- 
tive decomposition  to  proceed  more  actively. 

At  Morris,  the  first  point  upon  the  Illinois  River  proper,  we  found 
considerably  smaller  proportions  of  five  of  the  significant  substances 
above  referred  to,  due  largely  to  the  dilution  of  the  water  of  the  Des- 
plaines River  by  mixing  with  the  waters  of  the  Kankakee,  nine  miles 
above  Morris;  but  the  slight  increase  in  nitrites  shows  that  the  second 
stage  in  oxidation  is  beginning.  Continuing  down  the  course  of  the 
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stream,  the  five  appear  in  diminished  quantity  at  Ottawa,  while  the 
nitrites  have  enormously  increased,  which  fact  shows  that  at  this  point 
the  purifying  oxidation  caused  by  the  action  of  bacteria  is  in  full  course 
and  at  the  maximum. 

Below  Ottawa,  the  oxygen  consumed  and  the  albuminoid  ammonia 
and  tota.  organic  nitrogen  increase  as  we  approach  La  Salle,  while  the  free 
ammonia  and  the  nitrites  are  diminishing,  partly  through  dilution  with 
the  waters  of  the  Fox  River,  which  enters  at  Ottawa,  partly  by  continu- 
ance of  the  natural  oxidation  processes.  The  increase  in  the  albuminoid 
ammonia  and  organic  nitrogen  continues  as  we  proceed  down  the  river 
to  Henry,  partly  from  fresh  accessions  of  sewage,  but  also  by  reason 
of  the  growth  of  grosser  vegetable  organisms  than  bacteria,  the  plankton, 
which  now  begins  to  increase  enormously,  but  all  the  constituents  now 
under  consideration  diminish  on  the  way  to  Averyville. 

At  Averyville  each  of  the  various  constituents,  except  the  nitrites, 
which,  however,  are  not  present  in  considerable  proportions  until  the 
second  stage  of  oxidation  begins  vigorously  below  Morris,  has  now 
reached  the  smallest  proportion  thus  far  found.  The  station  at  Avery- 
ville is  about  three  miles  above  the  Peoria  city  hall. 

The  effect  of  Peoria’s  contribution  of  sewage  and  refuse  is  seen  in 
the  increase  of  each  one  of  the  significant  substances  between  Averyville, 
just  above,  and  Wesley  City,  just  below.  From  this  vicinity  there  is  a 
continuous  diminution  in  the  quantity  of  the  various  constituents  until  we 
reach  the  mouth  of  the  river  at  Grafton,  although  large  quantities  of 
refuse  matters  enter  the  river  at  Pekin  and  cause  an  increase  in  quantity 
of  oxygen  consumed  and  free  ammonia,  etc.,  at  that  point. 

The  study  of  the  numerous  data  of  our  analyses  shows  that  there 
is  a very  considerable  purification  of  the  waters  of  the  Illinois  River  as 
they  flow  slowly  to  the  vicinity  of  Peoria,  and  that  again  below  Peoria 
the  purification  proceeds  to  such  an  extent  that  the  water  discharged  from 
the  Illinois  River  into  the  Mississippi  at  Grafton  contains  less  organic 
matters  than  does  the  water  of  the  Mississippi  River  itself,  and  l§ss  than 
is  contained  in  the  water  of  the  Missouri  near  its  mouth. 

The  facts  referred  to  are  exhibited  by  means  of  the  curves  of  Plate 
No.  I,  page  45,  which  presents  most  of  the  more  significant  of  the 
averages  of  Table  A,  pages  i-x.  In  considering  the  evidence  thus  pre- 
sented, the  peculiar  significance  of  the  several  constituents  must  be  kept 
in  mind. 

Chlorine. — This  substance  is  contained  in  the  waters  in  combination 
with  various  basic  elements,  but  chiefly  in  the  form  of  sodium  chloride 
or  common  salt.  Chlorides  occur  in  very  small  quantity  in  ordinary 
soils,  and  hence  are  present  in  small  proportions  in  the  waters  of  streams 
in  their  natural  condition.  Most  animal  matters  contain  more  or  less 
chlorides,  and  chlorides  are  constant  and  considerable  constituents  of 
sewage. 

The  only  natural  causes  of  change  in  the  proportion  of  chlorine, 
aside  from  such  slight  concentration  as  may  result  from  long  continued 
hot  weather  during  the  season  of  minimum  flow,  would  be  its  decrease 
by  dilution  with  waters  which  contain  less,  or  increase  by  mixing  with 
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waters  and  other  liquids,  as  sewage,  etc.,  which  contain  more.  The 
diminution  between  Lockport  and  Joliet  was  due  to  dilution  with 
the  waters  of  the  Desplaines  River,  which  water  during  this  period  con- 
tained but  about  one-fifteenth  as  much  chlorine  as  did  the  canal  water. 

The  water  of  the  Kankakee,  uniting  with  the  Desplaines  above  Morris, 
contained  3.9  parts  of  chlorine  per  million,  and  it  was  the  addition  of 
this  water,  as  well  as  the  water  of  smaller  rivers  and  creeks,  which 
brought  about  a very  notable  decrease  in  the  proportion  of  chlorine  be- 
tween Joliet  and  Morris.  The  diminution  in  chlorine  continued  until 
Peoria  (Averyville)  was  reached,  resulting  from  the  dilution  of  the 
river  water  with  the  water  of  smaller  streams,  and  also  undoubtedly 
by  the  underground  flow  to  the  river  from  the  country  lying  on  either 
«ide.  This  underground  flow  is  known  to  be  considerable  along  the 
middle  stretch  of  the  Illinois  River  between  La  Salle  and  Beardstown, 
and  particularly  between  Peoria  and  Havana,  and  in  times  of  low  water* 
may  have  quite  an  appreciable  efifect  in  diluting  the  waters  of  the  stream, 
an  effect  which,  of  course,  was  more  notable  before  the  flow  and  the 
initial  dilution  were  increased  by  the  inflow  of  lake  water  secured  by 
the  opening  of  the  Drainage  Channel  in  January,  1900. 

The  increase  in  chlorine  between  Averyville  and  Wesley  City  re- 
sulted from  the  contribution  of  Peoria’s  sewage  to  the  river,  and  in  small 
part  was  probably  due  to  the  inflow  of  the  water  of  certain  saline  ar- 
tesian wells  and  springs.  From  this  point  to  the  mouth  of  the  river 
there  was  a gradual  but  considerable  diminution  of  the  chlorine. 

Oxygen  Consumed  is  the  quantity  of  oxygen  required  for  the  burn- 
ing of  the  organic  matters  contained  in  the  water,  or  rather  the  quantity 
of  oxygen  required  for  oxidation  of  the  readily  affected  organic  matters 
contained  in  the  water;  for,  as  is  well  known,  not  all  of  the  organic  mat- 
ters are  affected,  i.  e.,  completely  oxidized  by  the  chemical  process  em- 
ployed. It  is  evident  from  the  curves  that  the  organic  matters  which 
at  Lockport  required  a great  deal  of  oxygen  were  so  affected  by  dilution 
and  natural  oxidation  as  to  appear  in  much  smaller  proportions  at  Morris 
and  Ottawa.  A notable  increase  occurs  between  Ottawa  and  La  Salle, 
but  the  organic  matters  then  diminish  until  we  reach  Aver}^ville.  There 
is  again  an  increase  until  we  pass  Pekin,  and  from  there  to  the  mouth 
of  the  river  there  is  a gradual  but  definite  diminution. 

Free  Ammonia  or  Saline  Ammonia,  as  it  is  sometimes  designated,  is 
■contained  in  comparatively  great  quantity  in  fresh  sewage  or  sewage 
which  is  in  the  first  stages  of  putrefaction.  The  rapid  decrease  in  quan- 
tity of  free  ammonia  between  Joliet  and  Morris  results  mainly  from 
dilution  with  the  waters  of  the  Kankakee,  but  between  Morris  and  Ot- 
tawa and  from  there  on  down  to  the  mouth,  it  is  chiefly  due  to  the  natural 
■oxidation,  but  doubtless  is  partly  due  to  assimilation  by  the  plant  life 
which  is  abundant  from  Ottawa  down. 

The  Nitrites  contained  in  surface  waters  are  products  of  the  action 
of  bacteria  upon  nitrogenous  organic  matters  and  constitute  the  second 
«tcp  in  the  series  of  decomix)sitions  which  convert  these  organic  matters 
finally  into  the  comparatively  unobjectionable  mineral  matters,  which  are 
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chiefly  carbonic  acid  and  nitrates.  The  comparatively  small  proportion 
of  nitrites  in  the  upper  river  to  the  neighborhood  of  Morris  shows  that 
this  second  stage  of  bacterial  purification  is  to  this  point  but  beginning, 
but  the  great  increase  below  Morris  witnesses  to  the  fact  that  from 
here  on  this  highly  imi)ortant  feature  of  nature’s  purification  processes 
is  efficiently  active.  The  gradual  diminution  of  nitrites  to  Averyville 
indicates  a gradual  progressive  exhaustion  of  the  food  supply  of  the 
bacteria  which  are  responsible  for  this  oxidation,  and  thus  serves  as  evi- 
dence that  the  purification  is  proceeding.  The  continuous  decrease  in 
nitrites  from  Pekin  to  Grafton  clearly  indicates  the  great  improvement 
in  the  sanitary  condition  of  the  water  during  its  passage  from  Pekin  to 
the  point  of  discharge  into  the  Mississippi  River. 

The  Total  Organic  Nitrogen  is  one  of  the  most  important  data, 
inasmuch  as  the  nitrogenous  organic  matters  are  the  most  significant  and 
constant  constituents  of  sewage,  and  include  all  sorts  of  animal  refuse, 
tissues,  etc.,  as  well  as  constituting  essential  parts  of  all  living  things, 
great  or  microscopic,  both  vegetable  and  animal.  It  is  substances  of 
this  class  in  particular  which  serve  as  the  nutrients  upon  which  bacteria 
thrive  and  multiply. 

The  Albuminoid  Ammonia  varies  in  conformity  with  the  total  or- 
ganic nitrogen,  though  the  quantity  is  but  half  that  of  the  lattei?.  Its 
significance  is  similar  to  that  of  the  total  organic  nitrogen,  but  the  total 
organic  nitrogen  represents  all  of  the  nitrogen  that  is  contained  in  the 
organic  matters ; that  is,  as  constituting  part  of  the  tissues  living  or 
dead,  as  well  as  various  products  of  the  vital  activities  of  living  organ- 
isms, while  the  albuminoid  ammonia  represents  only  the  nitrogen  of  such 
part  (about  one-half)  of  these  substances  as  is  comparatively  easily 
afifected  by  the  chemicals  and  process  used  in  the  albuminoid  ammonia 
determination. 

COMPARISON  OF  THE  ILLINOIS  WITH  ITS  TRIBUTARIES 
AND  WITH  THE  MISSISSIPPI  AND  AHSSOURI. 

In  Grou])s  2 and  3 of  Plate  No.  i,  page  45,  the  various  columns 
show  the  comparative  proportions  of  total  organic  nitrogen,  albuminoid 
ammonia  and  free  ammonia  contained  in,  and  oxygen  consumed  by,  the 
waters  of  the  more  important  tributaries  of  the  Illinois  River,  those  of 
the  Mississippi  River  above  the  mouth  of  the  Illinois  and  those  of  the 
Missouri  just  above  its  mouth.  It  appears  that  during  this  period  the 
waters  of  the  Illinois  at  its  mouth  at  Grafton  contained  more  free  am- 
monia than  those  of  the  Mississippi  and  the  Missouri,  and  considerably 
more  than  those  of  its  tributaries  except  the  Big  Vermilion  (the  Illinois 
and  Michigan  Canal  is  not  here  considered).  On  the  other  hand,  the 
columns  show  that  the  waters  of  the  IMississippi  and  the  Missouri  con- 
tained considerably  more  total  organic  nitrogen  and  albuminoid  matters 
than  did  the  waters  of  the  Illinois,  while  the  oxygen  consumed  was 
nearly  twice  as  great.  In  these  respects,  too,  the  columns  show  that  the 
Illinois  compares  favorably  with  its  tributaries. 
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The  Mississippi  at  Alton. — The  curves  of  Group  4,  Plate  No.  i,  re- 
ferring to  the  cross-section  of  the  Mississippi  at  Alton,  represent  the 
averages  of  analyses  of  samples  of  water  taken  at  five  points  across  the 
Mississippi  at  Alton,  about  17  miles  below  the  mouth  of  the  Illinois. 

It  is  evident  from  the  consideration  of  the  data  (Tables  23-27  and 
A),  and  is  graphically  shown  by  the  curves  of  Plate  i,  that  the  waters 
of  the  Illinois  do  not  mix  thoroughly  with  the  waters  of  the  Mississippi, 
but  chiefly  pass  down  close  to  the  Illinois  shore,  and  that  the  quantities 
of  organic  matters  contained  in  the  Mississippi  River  waters  are  greater 
than  the  quantities  of  the  same  substances  contained  in  the  Illinois  River 
waters,  the  chlorine  and  ammonia,  on  the  other  hand,  being  higher  in  the 
Illinois  River  than  in  the  Mississippi  at  Alton  or  at  Grafton. 

The  Mississippi  at  “Chain  of  Rocks.” — The  waters  of  the  Missouri 
do  not  average  so  high  in  chlorine  as  do  the  waters  of  the  Illinois,  but 
they  contain  an  enormous  amount  of  suspended  matters,  and  notably 
greater  quantities  of  various  objectionable  organic  matters.  From  the 
data  of  Tables  28-31  and  Table  A,  exhibited  in  Group  5,  Plate  No.  i,  it 
would  seem  that  at  the  “Chain  of  Rocks”  the  waters  passing  down  the 
west  bank  and  beside  the  intake  tower  consist  mainly  of  Missouri  River 
water,  and  contain  much  larger  quantities  of  organic  matters  than  do 
the  waters  of  the  Illinois. 

Further  Comparisons. — The  consideration  of  the  analyses  of  the 
individual  samples  shows  that  the  proportions  of  the  nitrogenous  organic 
matters  never,  during  the  given  period,  were  so  great  in  the  Illinois 
River  as  they  were  in  the  Missouri,  and  that  the  minimum  quantity 
of  these  matters  in  the  Mississippi  and  in  the  Missouri  never  reached 
quite  the  low  point  that  was  observed  in  the  water  of  the  Illinois  River. 
The  general  conclusion  from  the  consideration  of  these  data  which, 
however,  it  must  be  remembered,  cover  simply  the  period  from  the  be- 
ginning of  May,  1899,  to  December  31,  1899,  is  that  the  water  discharged 
from  the  Illinois  River  is  in  these  respects  in  purer  condition  than  the 
water  of  the  Mississippi  River  or  the  water  of  the  Missouri  River,  and 
that  it  is  in  most  respects  quite  similar  to  the  waters  of  the  larger  tribu- 
taries of  the  Illinois.  The  table  below  gives  the  specific  data: 


EFFECT  OF  OPENING  THE  DRAINAGE  CHANNEL. 

The  effect  of  the  dilution  of  the  sewage  of  Chicago  with  lake  water 
before  discharging  it  into  the  Desplaines  and  the  Illinois  is  shown  by 
the  analyses  made  during  the  year  1900.  The  data  of  these  analyses 
appear  in  tables  39  to  80  inclusively,  and  the  averages  are  brought  to- 
gether in  Table  T,  pages  i-x.  The  two  plates  upon  pages  49  and  53, 
Nos.  H and  III  respectively,  present  the  most  important  averages  graph- 
ically, and  in  the  light  of  the  explanatory  discussion  above,  page  . . . , 
with  reference  to  the  earlier  year,  may  readily  be  understood.  They  are 
not  especially  discussed  here,  for  the  reason  that  the  analyses  made  dur- 
ing 1900  covered  the  period  January  i to  October  i,  while  those  of  1899 
covered  a different  period,  namely,  that  from  May  i to  December  31. 
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It  is  a well-known  fact  that  the  waters  of  streams  vary  greatly  at 
different  seasons,  both  as  to  the  volume  of  water  and  the  content  and 
nature  of  substances  carried  by  the  water.  These  seasonal  variations 
are  particularly  important  in  the  cases  of  some  of  the  streams  of  the 
Mississippi  Valley,  and  especially  so  for  the  Illinois,  the  Missouri  and 
the  Mississippi.  However,  inasmuch  as  the  two  periods  overlap  in  the 
summer,  it  is  possible  for  us  to  institute  a comparison  for  the  most  im- 
portant season  of  the  year — the  four  months,  June,  July,  August  and 
September — ^during  which  period  the  most  important  physical  features 
to  be  borne  in  mind  are  the  comparatively  small  volume  of  water  or  flow 
and  the  comparatively  high  temperature,  not  only  of  the  atmosphere,  but 
of  the  water  itself,  features  which  are  especially  important  with  reference 
to  the  Illinois. 

For  the  purpose  of  making  this  comparison  I have  prepared  averages 
of  the  data  of  the  analyses  made  during  June,  July,  August  and  Sep- 
tember, 1899,  or  before  the  opening  of  the  Sanitary  Channel,  and  similar 
averages  of  the  data  obtained  from  the  analyses  made  during  the  same 
four  months  in  1900,  or  after  the  opening  of  the  Sanitary  Channel.  The 
data  appear  in  detail  in  the  Tables  1-80,  and  the  particular  averages  in 
question  appear  in  Tables  C and  D respectively,  upon  pages  i-x. 
In  order  to  facilitate  the  comparison,  the  plates.  Nos.  4 to  15,  in 
which  the  various  curves  and  columns  represent  the  figures  of  the  tables 
in  a form  which  facilitates  a realization  of  their  significance,  have  been 
prepared. 

In  order  to  clearly  understand  the  situation  and  the  full  significance 
of  the  data,  reference  should  be  frequently  made  to  the  statement  of  the 
reasons  for  selecting  the  various  points  of  collection  (pages  47  to  54) 
and  to  the  map  upon  page  8,  which  shows  the  relative  situations  of 
these  points. 

In  each  plate  there  are  two  sets  of  curves  or  columns,  one  set  repre- 
senting the  data  for  the  summer  of  1899,  and  the  other  representing  the 
data  for  the  summer  of  1900.  By  following  the  various  proportions 
of  the  curves  it  is  made  evident  that  the  conditions  in  the  river  have 
changed  considerably  since  the  opening  of  the  Drainage  Channel. 

The  portions  of  the  curves  and  the  sets  of  columns  at  the  left  hand  of 
each  plate,  representing  the  conditions  prevailing  between  Chicago  and 
Lockport,  are,  of  course,  modified  more  greatly  than  the  other  parts  of 
the  curves,  for  the  reason  that  until  January,  1900,  it  was  the  old,  or  Illi- 
nois and  Michigan  Canal  only  which  carried  the  discharge  of  Chicago 
sewage  into  the  Illinois  River  Valley,  while  since  the  opening  of  the  Drain- 
age Channel  the  Sanitary  Canal  itself  carries,  not  merely  undiluted  sewage 
and  stockyards  drainage,  but  a very  large  proportion  of  diluting  lake 
water. 

Inasmuch  as  the  Illinois  and  Michigan  Canal  is  still  mainly  fed  from 
a fork  of  the  South  Branch,  which  is  not  yet  well  flushed  with  lake 
water,  we  find  that  the  proportions  of  the  various  constituents  are  still 
excessive  in  the  waters  of  the  old,  or  Illinois  and  Michigan,  Canal,  both 
at  Bridgeport  and  at  Lockport.  It  is  to  be  remembered  that  the  dis- 
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charge  through  the  Illinois  and  Michigan  Canal  is  now  much  less  than 
it  was  formerly,  for  since  the  opening  of  the  Drainage  Channel  the  old 
canal  is  used  chiefly  for  transiX)rtation,  not  particularly  as  a sewer,  and 
the  pumps  at  Bridgeport  are  supposed  to  raise  only  so  much  fluid  as  is 
required  to  maintain  a serviceable  depth  for  commerce.  The  average 
flow  in  the  Illinois  and  Michigan  Canal  prior  to  IQCX)  was  from  45,000 
to  50,000  cubic  feet  per  minute.  In  1900  it  was  26,700  and  in  1901,  I3j8oo 
cubic  feet  per  minute. 

The  figures  of  Tables  Nos.  40  and  41  reveal  occasional  variations  of 
considerable  magnitude.  These  variations  are  chiefly  due  to  the  fact 
that  the  pumps  at  Bridgeport,  which  feed  the  Illinois  and  Michigan 
Canal,  are  situated  but  a few  rods  from  the  mouth  of  the  South  Fork, 
and  that  the  diluted  sewage,  which,  on  its  way  through  the  South  Branch 
to  the  Drainage  Channel,  passes  the  mouth  of  the  South  Fork,  some- 
times enters  a short  distance  within  the  mouth  and  is  thence  pumped  into 
the  old  canal  The  short  duration  of  such  occasional  conditions  is  ac- 
countable for  the  fact  that  the  variations  are  less  frequent  and  less  con- 
siderable at  Lockport,  29  miles  below. 

At  Joliet,  where  the  discharges  through  the  two  canals  and  that  from 
the  Upper  Desplaines  River  have  come  together,  there  is  frequent  and 
considerable  variation  in  the  proportions  of  organic  matters  and  other 
impurities  contained  in  the  waters  of  the  Desplaines  River,  partly,  per- 
haps, in  consequence  of  variations  in  the  flow  of  water  from  the  Illinois 
and  Michigan  Canal  through  use  of  the  locks  above,  partly  from  occa- 
sional closing  of  the  gates  at  the  beartrap  dam,  thus  shutting  off  or 
reducing  the  flow  ^f  the  much  more  dilute  sewage  from  the  Drainage 
Channel. 

The  accumulation  of  sewage  in  the  Chicago  River  which  follows  a 
stoppage  or  reduction  of  the  flow  through  the  Drainage  Channel  is 
another  cause  of  variation,  for  when  the  gates  are  again  opened  the 
sewage  discharged  is  for  a time  necessarily  less  diluted  than  it  would 
otherwise  have  been.  The  variations  at  Joliet  result  in  large  part  also 
from  incomplete  commingling  of  the  waters,  for  the  discharge  from  the 
old  canal,  entering  by  the  east  bank,  generally  passes  down  beside  that 
bank  for  some  considerable  distance,  but  at  times,  when  the  flow  from 
the  Drainage  Channel  is  reduced,  extends  further  out  into  the  stream, 
or  ])ossibly  entirely  across  the  river  bed. 

Comparison  for  Chlorine. — Upon  Plate  4,  page  57,  there  are  shown, 
first,  general  curves  representing  the  proportions  of  chlorine  and  of 
nitrogen  as  albuminoitl  ammonia  in  the  waters  of  the  stream  at  different 
points  between  Chicago  and  the  mouth  of  the  river  at  Grafton. 

Comparison  of  the  two  curves  representing  chlorine  shows  a much 
more  considerable  diminution  in  the  proportions  of  chlorine  contained  in 
the  water  flowing  through  the  bed  of  the  Desplaines  River  at  Joliet  in 
1900  than  in  1899.  This  is  obviously  due  to  the  dilution  of  Chicago 
sewage  with  lake  water,  which  passes  through  the  Drainage  Channel. 
The  continuous  diminution  in  content  of  chlorine  between  Bridgeport 
(in  both  years,  following  the  Illinois  and  Michigan  Canal  as  far  as 
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Joliet)  and  the  mouth  of  the  river  at  Grafton  is,  of  course,  due  merely 
to  dilution.  (See  discussion  of  Chlorine,  page  72.) 

The  average  quantity  of  chlorine  contained  in  the  natural  surface 
waters  of  the  regions  in  question  has  ranged  from  two  to  three  parts,  as 
in  the  water  of  Lake  Michigan,  to  as  much  as  five  or  six  parts,  which 
is  frequently  found  in  the  waters  of  such  streams  as  the  Fox,  the  Kan- 
kakee and  the  Sangamon. 

The  waters  which  pass  through  the  Drainage  Channel  contain  a 
considerably  smaller  proportion  of  chlorine  than  is  contained  in  the 
waters  passing  through  the  Desplaines  and  the  Illinois  River  valleys,  for 
the  reason  already  noted,  that  the  sewage  carried  by  the  Illinois  and 
Michigan  Canal  and  discharged  by  it  into  the  Desplaines  River  just  above 
Joliet  is  still  very  concentrated.  Moreover,  in  and  about  Lockport  and 
Joliet  there  are  various  saline  artesian  wells,  sewers  and  manufacturing 
establishments  which  discharge  into  the  old  canal  or  the  river  between  the 
collecting  point  at  Lockport  and  that  at  Joliet. 

From  Joliet  down  the  river,  the  slight  fall  in  the  chlorine  for  1900, 
as  we  reach  Morris,  and  the  subsequent  apparent  increase  in  the  content 
of  chlorine  at  Ottawa,  notwithstanding  the  inflow  of  the  waters  of  the 
Kankakee  above  Morris,  are,  in  some  measure,  misleading  and  un- 
trustworthy, for  the  mixing  of  the  waters  of  the  two  streams  is,  at  these 
points,  still  incomplete,  as  subsequent  work  has  shown. 

To  the  incomplete  mixing  of  the  main  body  of  water  from  the 
Drainage  Channel  with  the  waters  of  the  various  tributaries  is  due  many 
of  the  variations  in  both  directions  which  appear  in  the  results  for  1900 
for  the  several  points  between  and  including  Joliet  and  Ottawa.  Various 
cross-sections  made  at  La  Salle,  Averyville  and  Grafton,  however,  show 
that  at  these  points  the  mixing  is  complete,  for,  particularly  at  Avery- 
ville and  Grafton,  which  may  be  looked  upon  as  critical  points,  deter- 
minations of  chlorine  in  samples  taken  at  a number  of  points  across  the 
stream  have  invariably  shown  that  in  these  localities  there  is  no  difference 
in  the  chlorine  content  of  the  water  anywhere  between  the  two  banks. 

At  the  mouth,  where  the  Illinois  discharges  into  the  Mississippi 
River,  its  water  contains  less  chlorine  than  is  found  in  it  anywhere  be- 
tween that  point  and  Chicago,  except  in  the  Sanitary  Canal.  The  pro- 
portion contained  in  the  water  at  the  mouth  of  the  river  in  1900  is  very 
slightly  greater  than  that  contained  during  the  corresponding  time  in 
1899. 

Albuminoid  Ammonia. — The  curves  representing  the  nitrogen  as 
albuminoid  ammonia  show  for  1899  a very  rapid  diminution  in  quantity 
as  we  pass  from  Bridgeport  down  the  stream  to  Ottawa.  Beyond  Ottawa 
there  is  a notable  increase,  reaching  the  maximum  at  Ilenry,  but  beyond 
that  point  there  occurs  a considerable  diminution  to  Averyville  (Peoria). 
Below  Averyville — i.  e.,  at  Wesley  City  and  Pekin — the  quantities  of 
nitrogen  as  albuminoid  ammonia  were  greatly  increased  as  a result  of  the 
discharge  of  sewage  and  of  wastes  from  distilleries,  cattle-sheds,  glucose 
works  and  such  plants  at  Peoria  and  Pekin.  Below  Pekin  there  is  again 

74 


a slig’ht  but  constant  diminution  until  we  reach  the  mouth  of  the  river 
at  Grafton. 

The  curve  for  1900  shows  that  there  are  much  smaller  quantities 
of  albuminoid  matters  contained  in  the  waters  of  the  Sanitary  Canal 
and  in  the  waters  of  the  Desplaines  River  at  Joliet,  and  as  we  proceed 
down  the  stream  from  Joliet  there  is  a decrease  which  reaches  the  limit 
at  Ottawa.  Beyond  Ottawa  the  albuminoid  nitrogen  increases  until 
Henry  is  reached,  beyond  which  point  it  diminishes  to  Averyville.  A 
slight  increase  occurs  as  we  pass  from  Averyville  to  Wesley  and  Pekin 
and  on  to  liavana. 

Beyond  Havana  there  is  a gradual  but  continuous  diminution  until 
we  reach  the  mouth  of  the  river  at  Grafton,  and  the  proporton  of  al- 
buminoid nitrogen  contained  in  the  water  discharged  from  the  Illinois 
River  at  Grafton  is  less  in  1900  than  it  was  in  the  year  1899. 


COMPARISON  OF  THE  ILLINOIS  WITH  THE  MISSISSIPPI 

AND  THE  MISSOURI. 

Group  2,  on  Plate  4,  represents,  first,  the  comparison  of  the  chlorine 
contained  in  the  waters  of  the  Illinois  as  it  discharges  into  the  Mississippi 
at  Grafton  for  the  summer  months  of  1899  and  for  the  surmier  months 
of  1900.  As  is  evident  from  inspection  of  the  figures  and  the  plate, 
the  difference  between  the  two  vears  is  so  slight  as  to  be  hardlv  notice- 
able. 

Second — A comparison  of  the  chlorine  contained  in  the  Mississippi 
above  the  mouth  of  the  Illinois  River,  for  like  periods  in  1899  and  1900. 
This  shows  that  the  water  of  the  Mississippi  River  contained  a consid- 
erably greater  proportion  of  chlorine  during  the  summer  of  1900  than  it 
did  during  the  summer  of  1899,  due,  doubtless,  to  the  fact  that  the  water 
in  the  Upper  Mississippi  was  at  a lower  stage  during  the  summei  of 
1900.  See  Plate  XVH  for  comparison  of  the  stages  of  water  in  the  Mis- 
sissippi River  in  1899  and  1900. 

Third — A comparison  of  the  chlorine  contained  in  the  waters  of  the 
Missouri  River  near  the  mouth  for  the  same  periods.  This  shows  that 
the  waters  of  the  Missouri  River  contained  a much  higher  proportion  of 
chlorine  during  the  summer  of  1900  than  during  the  corresponding  season 
of  1899,  must  be  noted  that  the  period  covered  in  1899  is  shorter 

than  that  for  1900,  as  in  the  earlier  year  the  collections  from  the  Missouri 
began  July  10. 

Fourth — Comparison  of  the  content  of  albuminoid  nitrogen  in  the 
Illinois  River  water  for  1899  and  1900,  referred  to  in  the  general  state- 
ment above,  is  shown  graphicallv  in  this  group. 

Fifth — Comparison  of  the  content  of  nitrogen  as  albuminoid  ammonia 
in  the  water  of  the  Mississipi)i  above  the  mouth  of  the  Illinois  shows  a 
slightly  smaller  proportion  contained  in  the  water  of  the  Mississippi  in 
i()00  than  was  contained  during  the  same  period  of  1899,  and  shows,  fur- 
ther, that  there  was  considerably  more  albuminoid  nitrogen  in  the  waters 
of  the  Mississippi  River  during  each  of  these  seasons,  viz..  1899  1900, 


than  was  contained  in  the  waters  of  the  Illinois  River  in  either  of  the 
seasons  in  question. 

Sixth — Comparison  of  the  content  of  nitrogen  as  albuminoid  am- 
monia in  the  waters  of  the  Missouri  shows  that  during  the  summer  of 
1900  the  proportion  was  greater  than  during  the  sumnier  of  1899,  and 
shows,  further,  that  more  than  twice  as  much  was  contained  in  the  water 
of  the  Missouri  River  in  each  of  these  years  than  was  contained  in  the 
waters  of  the  Illinois  River  at  Grafton. 


CROSS-SECTION'  OE  THE  MISSISSIPPI  AT  ALTON  AND  AT 
MITCHELL  OR  “CHAIN  OF  ROCKS.” 

Group  3,  upon  Plate  4,  represents  the  content  of  chlorine  and  of  nitro- 
gen as  albuminoid  ammonia  in  the  waters  of  the  Mississippi  River  at  four 
points  across  the  stream  at  Mitchell,  111.  (“Chain  of  Rocks”),  opposite  the 
intake  tower  of  the  St.  Louis  waterworks.  From  consideration  of  the 
curves  it  is  made  evident  that  the  content  of  chlorine  and  of  albuminoid 
nitrogen  was  considerably  greater  upon  the  Missouri  side  of  the  river 
than  it  was  upon  the  Illinois  side,  and  shows,  further,  that  there  was  a 
greater  difference  between  the  two  sides  of  the  stream  at  the  St.  Louis 
pumping  station  during  the  season  of  1900  than  there  was  during  the 
same  period  of  the  preceding  year,  or  the  year  1899. 

Plate  14  exhibits  the  differences  between  the  proportions  of  chlorine 
at  the  different  cross-section  points  at  the  “Chain  of  Rocks,”  and  also 
shows  the  seasonal  variations  of  chlorine  at  these  points.  The  small  circles 
place  the  dates  and  show  also  the  proportions  of  chlorine. 

Upon  Plate  5 the  proportions  of  chlorine  at  the  several  stations  are 
represented  by  means  of  columns,  and  in  addition  to  the  various  features 
discussed  above  (page  72),  the  cross-section  of  the  Mississippi  at  Alton 
is  shown  in  Group  3.  This  shows  the  fact  repeatedly  referred  to,  that 
the  Illinois  River  water  hugs  the  Illinois  shore  and  does  not  mix  very 
much  with  the  Mississippi  for  a considerable  distance  below  the  mouth 
at  Grafton. 

Albuminoid  Ammonia,  Total  and  Dissolved. — ^Plate  6 gives  similar 
representation  to  the  facts  concerning  albuminoid  ammonia,  including 
also  that  part  which  is  in  solution. 

Organic  Nitrogen,  Total  and  Dissolved. — Plates  7 and  8 present  in 
general  similar  features  tO'  those  already  referred  to  in  the  description  of 
Plates  4 and  6,  but  the  particular  substances  represented  upon  Plates  7 
and  8 are  the  total  organic  nitrogen  and  the  dissolved  organic  nitrogen. 
By  total  organic  nitrogen,  we  mean  all  the  nitrogen  contained  as  a constitu- 
ent part  of  organic  matters,  including  living  organisms  themselves.  It 
includes  that  which  is  referred  to  above  as  albuminoid  nitrogen,  or  nitro- 
gen as  albuminoid  ammonia,  and  in  general  is  from  two  to  three  times  as 
much  as  the  latter.  (See  also  page  68.)  An  inspection  of  the  curves 
and  columns  shows  variations  in  the  quantity  of  nitrogen  in  these  forms, 
which  are  similar  in  most  respects  to  those  described  above  with  reference 
to  Plates  4 and  7,  and  the  general  conclusion  there,  as  to  the  diminr.tion 
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of  these  substances  as  the  waters  pass  down  the  Illinois  River  Valley,  ap- 
plies here. 

The  dissolved  organic  nitrogen  is,  of  course,  derived  from  those 
nitrogenous  organic  matters  which  are  actually  in  solution  in  the  water, 
while  the  total  organic  nitrogen  includes  not  only  this  but  also  the  nitrogen 
contained  in  such  matters  as  are  suspended  in  the  water.  Group  2,  Plate 
7,  and  Group  3,  Plate  8,  include  comparisons  of  the  proportions  of  total 
organic  nitrogen  contained  in  the  waters  of  the  Illinois,  the  Missouri  and 
the  Mississippi  rivers  for  the  periods  in  question. 

The  Illinois  River  water  we  find  contained  a considerably  smaller 
proportion  of  total  organic  nitrogen  during  the  summer  of  1900  than  it 
did  in  1899,  and  in  each  of  these  years  the  proportion  was  less  than  that 
contained  in  the  waters  of  the  Mississippi,  and  about  one-fourth  to  one- 
third  that  contained  in  the  waters  of  the  Missouri  River. 

The  Mississippi  River  water  was,  in  this  respect,  somewhat  better 
during  the  summer  of  1900  than  during  the  summer  of  1899,  but  the 
Missouri  River  contained  considerably  greater  proportions  of  total  organic 
nitrogen  during  the  summer  of  1900  than  it  did  during  the  summer  of 
1899. 

These  comparisons  give  expression  to  the  fact  that  the  nitrogenous 
organic  matters  in  solution,  which  are  here  represented  by  the  term  organic 
nitrogen  in  solution,  are  contained  in  the  Illinois  River  water  in  greater 
proportion  than  in  the  waters  of  the  Mississippi  or  in  the  waters  of  the 
Missouri  River,  but  it  is  noticeable  that  the  difference  between  these 
streams  has  been  considerably  less  during  the  summer  of  1900  than  it 
was  during  the  summer  of  1899.  In  the  waters  of  the  Missouri  River  there 
was  somewhat  more  in  1900  than  in  1899,  but  the  difference  is  slight.  For 
the  Mississippi  and  the  Illinois,  however,  there  are,  as  represented,  con- 
siderable differences,  indicating  a better  condition  of  their  waters  in  this 
respect  during  the  summer  of  1900  than  during  the  summer  of  1899. 
striking  differences  between  these  three  streams  with  respect  to  the  pro- 
portions of  suspended  nitrogenous  organic  matters  becomes  clearly  mani- 
fest upon  inspection  of  the  unshaded  portions  of  the  columns  of  Plate  8. 

Group  3,  of  Plate  7,  and  Group  2,  Plate  8,  show  comparisons  of  the 
quahtities  of  total  organic  nitrogen  and  of  dissolved  organic  nitrogen 
in  the  waters  of  the  Mississippi  at  four  different  points  across  the  stream 
at  Mitchell  (“Chain  of  Rocks”).  The  points  are  the  same  as  those  re- 
ferred to  on  Plate  4.  It  is  evident,  from  inspection  of  the  lines,  that  the 
quantities  of  organic  nitrogen  in  the  water  have  been  considerably  less  all 
across  the  stream  during  the  summer  of  1900  than  they  were  during  the 
summer  of  1899,  and  that  there  is  even  greater  difference  between  the 
waters  passing  down  the  Illinois  side  and  those  passing  down  beside  the 
intake  tower  during  the  year  1900  than  there  was  during  the  year  1899. 

The  curves  and  columns  representing  the  dissolved  organic  nitrogen 
show  less  marked  differences  between  the  waters  at  the  two  sides  of  the 
stream,  although  in  both  years  the  proportion  is  greater  on  the  Illinois 
side. 

At  the  left  hand  of  Group  3,  Plate  7,  and  in  Group  4,  Plate  8,  we 
have  similar  data  for  a cros.s-section  of  the  stream  at  Alton,  111.  It  should 
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be  understood  that  at  Alton  and  at  the  “Chain  of  Rocks,”  throughout  the 
time  that  the  examinations  were  under  way,  samples  were  collected  each 
week  or  oftener,  and  that  the  curves  are  drawn  to  represent  the  averages 
covering  the  periods  of  the  four  summer  months  in  question.  The  curves 
and  columns  which  represent  the  conditions  at  Alton  show  a notable  dif- 
ference between  the  waters  at  the  two  sides  of  the  main  stream  of  the 
Mississippi  River,  the  total  nitrogenous  organic  matters  being  present 
in  greater  proj^ortion  toward  the  Missouri  side,  that  part  which  is  in 
solution  being  present  in  greater  proiXDrtion  toward  the  Illinois  side,  while 
for  nitrogenous  matters  in  suspension  the  conditions  are  reversed,  the 
proportion  being  far  greater  toward  the  Alissouri  side  than  it  is  toward 
the  Illinois  side  of  the  stream. 

h'ree  Ammonia  and  Nitrites. — ^Plates  9 and  10  represent  the  proportion 
of  nitrogen  as  free  or  saline  ammonia  and  of  nitrogen  as  nitrites  contained 
in  the  waters  O'f  the  Sanitary  Canal,  the  Desplaines  River  and  the  Illinois 
River  at  various  points  between  Chicago  and  the  mouth  of  the  river  at 
Grafton.  After  what  has  been  said  concerning  similar  plates  presenting 
other  important  constituents,  but  little  explanation  is  needed  in  order  to 
understand  the  meaning  of  the  curves  of  Plate  9 or  the  columns  of  Plate 
10,  with  reference  to  the  purification  of  the  stream. 

The  total  organic  nitrogen  and  the  albuminoid  nitrogen  referred  to 
in  the  description  of  Plates  4,  6,  7 and,  8 represent  waste  organic  matters, 
which  may  be  derived  from  either  vegetable  or  animal  sources.  All  vege- 
table and  animal  organisms  contain  as  essential  constjtuents  substances 
which  in  their  original  condition,  and  also  in  certain  various  stages  of 
decomposition,  are  classed  as  nitrogenous  organic  matters.  Such  mat- 
ters are  included  in  feces  and  urine,  in  wastes  from  the  household,  in 
wastes  from  all  industries  which  utilize  plant  and  animal  substances  or 
products,  as  well  as  in  the  vegetable  substances  contained  in  soils,  and 
which  accumulate  in  swamps  and  in  forests.  Those  suPstances  which 
make  sewage  and  animal  wastes  in  general  offensive  to  the  senses  and 
dangerous  to  the  health  are,  as  a rule,  nitrogenous  organic  substances, 
either  living  organisms  or  the  products  or  wastes  of  living  things.  The 
natural  processes  of  purification  of  sewage  and  similar  organic  wastes  in- 
volve the  oxidation  of  these  nitrogenous  matters.  The  first  stage  in  the 
purification  process  includes  such  a dccom|X)sition  of  these  substances 
as  results  in  the  liberation  of  a portion  of  their  nitrogen,  together  with 
hydrogen  in  the  form  of  ammonia.  This  may  remain  merely  dissolved  in 
the  water,  or  it  may  unite  with  acids,  particularly  with  the  carbonic  acid, 
which  in  these  decompositions  of  the  organic  matters  may  be  formed 
simultaneously  with  ammonia  and  appear  as  salt  of  ammonia.  Ammonia 
is  not  ordinarily  contained  in  surface  waters  in  notable  (|uantitics,  except 
it  be  derived  from  the  sources  above  mentioned.  The  proportion  of  free 
ammonia  contained  in  the  water  of  a stream  or  in  sewage  indicates,  on  the 
one  hand,  the  relative  quantity  of  refuse  matters  contained  and,  on  the 
other  hand,  shows  the  stage  of  decomposition. 

Referring  to  Plates  9 and  10,  we  may  observe  that  in  i8()9  a con- 
siderable proportion  of  nitrogen  as  free  ammonia  was  contained  in  the 
water  of  the  Illinois  and  Michigan  Canal,  and  that,  although  the  proiK)r- 
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tion  contained  in  the  Desplaines  River  at  Joliet  was  considerably  dimin- 
ished through  mixing  with  the  waters  of  the  Upper  Desplaines  River,  yet 
considerable  proportions  of  free  ammonia  were  found  in  the  river  as  far 
down  as  La  Salle,  but  that  the  diminution  still  proceeded  as  we  pass 
down  the  river  till  we  find  the  minimum,  at  Averyville.  Below  Avery- 
ville  the  free  ammonia  increased  in  proportion  again,  reaching  the  maxi- 
mum at  Pekin,  diminishing  then  more  rapidly  and  continuously  until  the 
mouth  of  the  river  at  Grafton  is  reached. 

The  curve  for  1900  shows,  of  course,  the  efifect  of  dilution  with  lake 
water  in  the  Sanitary  Canal,  i.  e.,  the  proportions  of  nitrogen  as  free 
ammonia  never  were  so  great  in  the  water  flowing  between  the  upper  end 
of  the  canal  and  the  points  between  that  and  Grafton  as  they  were  in  the 
preceding  year  in  the  Illinois  and  Michigan  Canal  and  the  Desplaines  and 
the  Illinois  rivers.  Otherwise  the  curves  show  similar  features,  i.  e.,  the 
very  rapid  diminution  of  free  ammonia  until  we  reach  Averyville  shows 
that  the  natural  decomposition  of  the  organic  matters  is  taking  place 
very  vigorously  in  the  upper  reaches  of  the  stream ; that  this  action  dimin- 
ishes as  we  proceed  down  the  stream,  the  indication  being  that  the  diminu- 
tion of  the  bacterial  action  is  caused  mainly  by  the  exhaustion  of  the  nutri- 
ents, i.  e.,  tlie  supply  of  substances  which  are  being  converted  by  bacteria 
through  ammonia  into  other  innocuous  forms  of  matter,  and  which  may 
be  regarded  as  the  food  supply  of  the  bacteria,  is  more  rapidly  dimin- 
ishing. 

It  is  notable  that  the  proportion  of  free  ammonia  increases  again 
below  Averyville,  but  afterward  diminishes,  until  we  find  at  the  mouth  of 
the  river  considerably  less  than  elsewhere  along  the  course  of  the  stream, 
and  less  during  the  summer  of  1900  than  during  the  summer  of  1899. 

Upon  Plate  9 there  are  two  curves,  and  upon  Plate  11  various  col- 
umns representing  the  proportions  of  nitrogen  as  nitrites.  Nitrites  are 
oxidation  products  derived  from  the  nitrogenous  organic  matters  above 
referred  to.  In  the  conversion  of  objectionable  and  harmful  nitrogenous 
organic  matters  into  innocuous  substances,  the  nitrites  mark  a stage  fol- 
lowing that  which  is  indicated  by  the  presence  of  free  ammonia. 

The  curve  for  1899  shows  the  maximum  content  of  nitrites  at  Ottawa. 
From  there  on  considerable  diminution  occurs  until  we  reach  Averyville 
and  Wesley,  but  beyond  that  point  there  is  again  an  increase;  we  find  the 
maximum  at  Pekin,  beyond  which  point  there  is  a gradual  decrease  until 
we  reach  the  minimum  at  the  mouth  of  the  river  at  Grafton. 

The  two  maxima  indicate  the  two  zones  in  the  river  at  which  the 
second  stage  of  the  natural  purifying  processes  is  most  vigorously  under 
way. 

Referring  now  to  the  curve  for  1900,  it  becomes  evident  that  the 
increase  in  the  proportion  of  nitrites  becomes  marked  very  much  nearer 
the  source  of  the  sewage,  i.  e.,  since  most  of  the  sewage  has  been  diluted 
before  it  is  discharged  into  the  Desplaines  River  Valley,  those  natural 
decompositions  and  oxidations  of  the  organic  matters  which  result  in  the 
formation  of  nitrites,  and  subsef|ucntly  nitrates,  have  begun  vigorouslv  at 
a point  much  nearer  Chicago. 
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The  point  at  which  the  maximum  quantity  of  nitrites  is  found  during 
the  summer  of  1900  is  again  at  Ottawa,  as  during  1899.  From  there  the 
curve  varies  in  general  in  the  same  direction,  but  it  is  notable  that  the 
minimum  is  less  than  during  the  earlier  season,  and  that  the  maximum 
never  reaches  the  high  proportion  found  during  1899. 

Consideration  of  the  curves  shows  that  the  zones  at  which  the  puri- 
fying action  takes  place  with  the  greatest  vigor  are  in  the  vicinity  of 
Ottawa  and  the  stretch  of  river  between  Pekin  and  Havana,  under  both 
sets  of  conditions,  i.  e.,  those  conditions  prevailing  during  the  summer 
of  1899  ^^^cl  those  prevailing  during  the  summer  of  1900,  or  both  before 
and  after  the  opening  of  the  Drainage  Channel. 

Study  of  the  various  figures  of  the  tables  and  the  curves  of  the  plates 
reveals  the  fact  that  in  each  of  the  summers  in  question  there  was  less 
nitrogenous  organic  matter  contained  in  the  water  of  the  Illinois  River 
at  Ottawa,  just  above  the  mouth  of  the  Fox  River,  than  was  contained  in 
the  river  water  at  points  farther  down  its  course,  except  at  Averyville  and 
at  Grafton.  This  may  in  part  result  from  incomplete  mixing  in  the  upper 
river,  but  is  undoubtedly  due  in  part  to  the  fact  that  organic  matters  of 
animal  origin,  such  as  constitute  the  chief  organic  matters  of  sewage,  are 
more  easily  susceptible  to  the  putrefactive  and  oxidizing  influences  which 
bring  about  the  purification  of  waters ; while  vegetable  matters,  which 
constitute  the  greater  part  of  the  organic  matters  found  in  the  natural 
waters  of  swamps  and  streams,  such  as  are  contributed  in  larger  propor- 
tion to  the  Illinois  by  its  tributaries,  and  by  the  run-off  from  its  own  slopes, 
are  less  easily  decomposed  and  persist  in  the  water  of  the  lower  river  in 
greater  proportion.  Moreover,  vegetation,  particularly  of  the  minuter 
and  floating  forms — ^^i.  e.,  the  plankton — is  very  abundant  in  the  waters 
of  the  lower  stretches  of  the  river  from  La  Salle  down.  The  nitrites  and 
nitrates  produced  abundantly  in  the  waters  of  the  upper  river,  through  the 
decompositions  of  the  nitrogenous  organic  matters  of  sewage,  are  in  turn 
utilized  by  the  vegtation,  and  in  part  their  nitrogen  is  built  up  into  more 
stable  and  less  objectionable  nitrogenous  organic  matters,  which  remain 
floating  or  dissolved  in  the  waters,  and  appear  in  the  analytical  results, 
but  must  be  regarded  with  much  less  disfavor  and  objection  than  would 
be  accorded  a like  quantity  of  nitrogenous  matters  of  animal  origin’. 

Oxygen  Consumed. — Upon  Plates  10  and  13  are  shown  curves  and 
columns  representing  the  proportions  of  oxygen  consumed  by  the  water 
in  the  Illinois  River  at  the  various  points  as  indicated  on  the  other  charts. 
It  is  obvious  that  the  water  in  the  upper  stretches  of  the  river  contains  a 
great  deal  more  of  such  organic  matters  as  are  easily  susceptible  to  oxidiz- 
ing agencies  than  does  the  water  in  the  lower  stretches  of  the  river. 

The  diminution  in  1899  was  very  rapid  until  we  reach  Ottawa  and 
Averyville.  Below  Averyville  it  increases  in  quantity,  owing  to  the  dis- 
charge of  sewage  and  wastes  into  the  river  at  Peoria  and  at  Pekin.  Below 
Pekin  there  is  a continuous  diminution  in  these  matters  until  the  mouth 
of  the  river  is  reached.  Similar  points  appear  when  we  consider  the  total 
oxygen  consumed  by  the  matters  in  solution  in  the  water,  i.  e.,  the  filtered 
water. 
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' The  curves  for  1900  show  variations  at  different  points  along  the  river 
and  make  manifest  the  fact  that  the  proportion  of  easily  affected  organic 
matters  in  the  water  is  considerably  less  than  during  the  corresponding 
season  of  1899,  though  there  is  not  such  a great  relative  diminution  along 
the  course  of  the  river. 

Group  2 of  Plate  12  represents  a comparison  of  the  relative  quan- 
tities of  oxygen  consumed  by  the  waters  of  the  Illinois  River,  those  of 
the  Mississippi  river  and  those  of  the  Missouri  River.  It  is  evident 
that  the  waters  of  the  Illinois  River  contained  considerably  less  readily 
oxidizable  matter  in  the  summer  of  1900  than  in  the  summer  of  1899.  In 
the  case  of  the  Mississippi  River  water,  it  is  evident  tliat  the  proportion 
of  oxidizable  matters  far  exceeds  that  contained  in  the  Illinois  River 
water,  and  that  the  proportion  is  practically  the  same  for  the  two  seasons, 
viz.,  1899  and  1900. 

In  the  case  of  the  Missouri  River  water,  the  proportion  of  oxidizable 
matters  is  greater  in  1900  than  in  1899;  in  both  years  it  is 
much  greater  than  the  proportion  contained  in  the  Mississippi  River, 
and  at  least  twice  as  great  as  the  proportion  contained  in  the  water  of 
the  Illinois  River.  On  the  other  hand,  comparison  of  the  proportionate 
quantities  of  oxygen  required  by  dissolved  organic  matters  shows  that 
there  is  less  required  by  the  waters  of  the  Missouri  River  than  by  the 
waters  of  the  Mississippi  or  those  of  the  Illinois  River. 

In  1899  the  quantity  required  by  the  water  of  the  Illinois  River  was 
considerably  greater  than  in  1900;  also  by  the  Mississippi  River  water 
more  was  required  during  the  summer  of  1899  than  during  the  summer 
of  1900;  but  in  each  year  the  quantity  required  by  the  Mississippi  River 
water  was  greater  than  the  quantity  required  by  the  Illinois  River  water. 

Group  3 of  Plate  12  shows  the  relative  quantities  of  oxygen  consumed 
by  water  samples  collected  at  the  four  points  across  the  stream  of  the  Mis- 
sissippi River  at  the  “Chain  of  Rocks,”  or  Mitchell.  It  is  evident  that 
the  water  along  the  Missouri  shore,  and  in  the  vicinity  of  the  intake  tower, 
contains  much  greater  quantities  of  organic  matters  than  docs  the  water 
which  passes  down  near  the  Illinois  shore.  On  the  other  hand,  the  dis- 
solved, readily-oxidizable  matters  contained  in  the  water  near  the  intake 
tower  are  less  in  proportion  than  those  contained  in  the  water  near  the 
Illinois  shore.  ^ 

Plate  13  presents  similar  facts  by  means  of  columns. 

Considering  the  evidence  represented  by  the  columns  in  Group  i,  and 
that  of  the  curves  of  Group  3,  of  Plate  12,  it  appears  that  the  water  pass- 
ing down  near  the  Missouri  shore  and  past  the  intake  tower  of  the  St. 
Louis  waterworks,  is  much  more  nearly  like  the  water  of  the  Missouri 
River  than  it  is  like  that  of  either  the  Mississippi  River  in  its  upper 
stretches  or  the  Illinois  River  in  its  lower  stretches. 

Dissolved  Oxygen. — The  results  of  our  determinations  of  dissolved 
oxygen  in  some  four  hundred  samples  of  water  from  the  Illinois  River 
have  shown  that  the  waters  of  the  Illinois  River  at  all  times  contain 
a considerable  percentage  of  the  quantity  of  oxygen  which  is  required  for 
saturation,  and  that  at  times  it  contains  much  more  than  the  saturation 
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figure ; indeed,  occasionally,  at  certain  points,  it  contains  even  more  than 
double  the  saturation  quantity.  The  supersaturation  of  the  water  with 
oxygen,  if  we  may  so  term  it,  is  due  to  the  liberation  of  oxygen  by  the 
chlorophyl-containing  micro-organisms  and  other  minute  plants,  which 
are  very  abundant  in  the  waters  of  the  Illinois  at  certain  seasons  of  the 
year ; in  fact,  oxygen-evolving  organisms  seem  to  be  always  present  and 
almost  always  active  in  these  waters. 

Many  of  the  determinations  have  been  made  upon  the  spot,  but  inas- 
much as  circumstances  rendered  it  impracticable  for  us  to  make  very  ex- 
tensive series  of  determinations  in  this  way,  the  samples  of  water  were, 
throughout  a considerable  portion  of  the  time,  shipped  to  the  laboratory 
and  the  determinations  of  dissolved  oxygen  made  there  ordinarily  in  about 
twenty-four  hours  after  the  time  of  collection,  but  sometimes  not  until 
forty  or  forty-eight  hours  had  lapsed  from  the  time  of  collection.  These 
shipped  samples  gave  results  which  are  always  less  than  the  saturation 
figure,  except  upon  a few  occasions  when  the  original  water  was  highly 
supersaturated  with  oxygen. 

Comparison  of  the  results  of  determinations  made  upon  the  spot  with 
those  made  upon  duplicate  samples,  which  were  either  shipped  to  the 
laboratory  or  kept  under  similar  conditions  to  those  involved  in  shipping, 
show  that  there  was  in  all  cases  a notable  diminution  of  dissolved  oxygen 
during  the  time  which  elapsed  between  the  time  of  collection  and  the  lime 
of  making  the  examinations.  Consequently,  it  is  certain  that  the  actual 
content  of  dissolved  oxygen  in  all  these  waters  was  in  reality  greater  than 
the  results  here  recorded.  There  was  but  one  case  in  which  a greater  per- 
centage of  dissolved  oxygen  was  found  in  a sample  which  had  been  kept. 
(See  page  65,  Averyville.) 

Dissolved  Oxygen  in  the  Water  of  the  Illinois  River  at  Its  Mouth 
at  Grafton. — The  series  of  determinations  of  dissolved  oxygen  which 
appear  in  the  tables  upon  pages  95a  and  95g  show  that  during  the  period 
January  4 to  June  27,  1900,  the  percentage  of  saturation  in  the  Illinois 
River  water  ranged  from  43.1  to  95.7,  the  average  being  76.47  per  cent 
for  the  entire  series  of  141  shipped  samples.  As  is  seen  in  the  date  coD 
umns  the  determinations  were  made  upon  samples  shipped  to  the  labora- 
tory and  usually  about  twenty-four  hours  after  collection.  The  minimum, 
43.1  per  cent,  was  found  in  the  case  of  four  samples  collected  May  16 
and  examined  May  18.  In  no  other  case  was  less  than  52.7  per  cent  found, 
and,  indeed,  in  but  five  other  samples  was  less  than  61  per  cent  dissolved 
oxygen  found. 

Dissolved  Oxygen  in  the  Waters  of  the  Mississippi  at  Grafton. — A 
parallel  series  of  determinations  of  dissolved  oxygen  in  the  waters  of  the 
Mississippi,  just  above  the  mouth  of  the  Illinois,  was  made  upon  sairiples 
collected  at  the  same  time — i.  e.,  within  a few  minutes — ^and  shipped  and 
examined  under  similar  conditions.  The  details  appear  in  the  tables  upon 
pages  95c  and  95e.  The  degree  of  saturation  in  these  ranged  from  55.78 
per  cent  to  108.84  per  cent,  the  average  for  the  entire  series  of  127  samples 
being  82  per  cent. 

Comparison  of  the  data  obtained  from  these  series  of  shipped  samples 
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shows  that  the  waters  of  the  Illinois  contained  93.2  per  cent  of  the  quan- 
tity of  dissolved  oxygen  found  in  the  waters  of  the  Mississippi. 

Analyses  made  upon  the  spot  (see  tables,  pages  95c  and  95e)  show 
that  both  the  Illinois  River  water  at  Grafton  and  the  Mississippi  River 
water  at  Grafton  frequently  contain  a greater  proportion  of  dissolved 
oxygen  than  is  required  for  saturation,  but  each  of  them  also  frequently 
contains  less  dissolved  oxygen  than  the  saturation  figure  requires.  In 
general,  it  is  true  that  the  waters  of  the  Illinois  do  not  retain  their  dis- 
solved oxygen  so  long  as  do  the  waters  of  the  Mississippi — that  is,  the 
dissolved  oxygen  diminishes  more  quickly  and  to  a greater  extent  in  the 
water  of  the  Illinois  than  it  does  in  the  water  of  the  Mississippi  River, 
although  the  difference  between  the  two  river  waters  in  this  respect  is  not 
very  great,  as  may  be  seen  by  study  of  the  data  of  the  tables. 

The  Upper  Illinois. — In  the  Illinois  River  at  La  Salle,  just  above  the 
town,  upon  August  16,  1899,  we  found  the  water  18  inches  below  the 
surface  just  saturated  with  dissolved  oxygen,  the  actual  figures  being 
100.12  per  cent,  100.12  per  cent  and  100.36  per  cent,  in  samples  taken 
at  different  points  across  the  stream.  A sample  of  the  water  taken  at 
the  same  time,  but  examined  twenty- four  hours  later,  contained  but  75.7 
per  cent  of  dissolved  oxygen,  while  still  another  sample  collected  at  the 
same  time  as  the  three  above  mentioned,  but  kept  forty-one  hours,  con- 
tained but  58  per  cent  of  the  amount  required  for  saturation.  The  evi- 
dence would  seem  to  show  that  although  during  sunshine  oxygen  was 
being  evolved  by  the  vegetable  life  in  the  water  with  sufficient  rapidity 
to  keep  the  water  saturated,  yet  when  the  conditions  were  changed  by 
placing  the  sample  in  the  dark,  such  action  ceased,  and  the  oxygen  began 
rapidly  to  disappear. 

Similar  conditions  were  found  with  respect  to  the  water  of  the  Illinois 
and  Michigan  Canal  at  La  Salle.  The  water  of  the  upper  basin  at  La  Salle 
was,  before  the  opening  of  the  Sanitary  Canal,  in  better  condition  ordi- 
narily than  was  the  water  of  the  Illinois  River  at  this  point,  for  the  reason 
that  the  canal  above  La  Salle  is  fed  from  the  Fox  River  and  other  streams. 
The  records  with  respect  to  the  water  in  this  place,  as  given  in  Table  95a, 
show  that  the  water  in  its  original  condition  contained  102.42  per  cent, 
while  after  standing  twenty-four  hours  it  was  reduced  to  62.26  per  cent. 

Upon  August  17  somewhat  striking  conditions  were  found  at  Henry. 
The  samples  were  taken  above  the  dam  at  i :i5  p.  m.  upon  a bright  day,  the 
temperature  of  the  water,  32  degrees  C.,  being  very  nearly  as  high  as  was 
that  of  the  air,  which  in  the  shade  was  34  degrees  ( ?).  A sample  of  the 
water  taken  one  inch  below  the  surface  was  found  to  contain  considerably 
more  than  twice  the  amount  of  oxygen  required  for  saturation,  presum- 
ing, of  course,  the  saturation  figure  should  be  that  for  an  equilibrium 
between  the  oxygen  of  the  atmosphere  and  that  of  the  water. 

The  water  was  full  of  minute  vegetable  organisms  and  it  had  a very 
distinct  yellowish  green  tint.  The  temperature  of  the  top  inch  of  water 
was  32  degrees  C.  The  quantities  of  dissolved  oxygen  found  by  the  Levy 
method  were  220.9  cent  and  21 1.4  per  cent  respectively.  Samples 
taken  at  the  same  time  and  place,  but  at  18  inches  below  the  surface,  had 
a temperature  of  28  degrees  C.,  and  were  found,  by  the  Levy  method,  to 
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contain  dissolved  oxygen  corresponding  to  200  per  cent  of  saturation  and 
208.3  cent  of  saturation  respectively ; while  the  determination  made 
by  the  Winkler  method  showed  208.35  pcr  cent.  A sample  collected  at 
the  same  time  and  kep_t  until  the  next  day,  the  analysis  being  made  twenty- 
four  hours  after  the  time  of  collection,  during  which  time  the  sample  was 
kept  in  the  dark,  was  found  to  contain  iio.i  per  cent  of  the  saturation 
figure.  At  the  same  time  and  place  a collection  was  also  made  at  two  feet 
from  the  bottom,  or  ten  feet  below  the  surface.  At  this  depth  also  the 
water  was  found  to  be  supersaturated,  but  far  less  so  than  the  water  at 
the  surface;  it  contained  129. i per  cent.  The  dissolved  oxygen  in  the 
water  from  near  the  bottom  disappeared  much  more  rapidly  and  was  re- 
duced far  more  proportionately  than  in  the  water  from' near  the  surface, 
the  percentage  remaining  at  the  end  of  twenty-four  hours  being  47.42. 
This  difference  as  to  retention  of  dissolved  oxygen  was  undoubtedly  due 
to  a difference  in  either  the  plankton  or  the  other  organic  matters  con- 
tained in  the  water  in  these  two  different  strata. 

Averyville. — Several  visits  were  made  to  Avery ville,  just  above  Peoria, 
for  the  purpose  of  making  determinations  upon  the  spot,  and  some  of  these 
have  developed  quite  interesting  results.  Thus,  upon  July  21,  1899.  the 
water,  18  inches  below  the  surface,  was  found,  late  in  the  afternoon,  to 
contain  about  171  per  cent  of  the  saturation  figure  of  dissolved  oxygen, 
and  the  water  was  still  supersaturated  with  oxygen  when  samples,  which 
were  kept  in  the  dark,  were  again  examined  eighteen  hours  and  twenty- 
four  hours  later,  after  the  lapse  of  this  time  the  figure  being  115  to  117 
per  cent. 

The  quantity  of  dissolved  oxygen  in  samples  collected  at  the  same 
spot  the  following  morning  was  found  to  be  only  87.8  per  cent,  but  during 
the  morning  it  increased  slightly  to  95.6  per  cent  at  10:10,  reaching  111.7 
per  cent  at  12:20  p.  m.  and  114.3  per  cent  at  i :io  p.  m.,  at  which  time 
the  examinations  were  stopped  by  the  necessity  for  catching  a train.  Sam- 
ples collected  at  the  same  time  were  kept  over  for  two  days,  and  it  was 
found  that  the  quantity  of  dissolved  oxygen  had  diminished  in  forty-eight 
hours  from  114  per  cent  to  from  38  to  40  per  cent.  (See  Table  on  page 

95a.) 

Upon  August  17,  late  in  the  afternoon,  the  quantity  of  dissolved 
oxygen  found  in  the  water  at  the  depth  of  18  inches,  at  Averyville,  was 
80.5  per  cent,  while  the  water  coming  from  about  two  feet  above  the  bot- 
tom in  fourteen  feet  of  water  contained  74  per  cent  of  the  saturation  figure. 
A sample  of  the  water  tal<en  18  inches  below  the  surface  at  6:30  p.  m., 
which  was  kept  until  the  next  day,  was  found  to  contain  a considerably 
higher  quantity  of  dissolved  oxygen  than  the  sample  which  was  examined 
at  the  time  of  collection.  The  determination  on  the  spot  gave  80.49  cent, 
and  that  made  twenty-four  hours  later  gave  97.53  per  cent.  It  may  be 
that  this  is  an  error,  but  it  is  possible  that  in  this  case  some  more  hardy 
oxygen-evolving  organisms  than  usual  were  contained  in  the  water,  and 
that  during  the  following  day,  which  was  excessively  hot,  light  was  not 
entirely  excluded  from  the  sample,  or  the  original  content  of  oxygen  may 
possibly  have  been  quite  different,  for,  as  is  evident  from  the  records  for 
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the  19th,  when  this  point  was  again  visited,  the  water,  earlier  in  the 
afternoon,  was  supersaturated. 

Upon  August  19,  at  12:30  p.  m.,  a sample  taken  18  inches  below  the 
surface  contained  184  per  cent;  another  taken  at  the  same  point,  but  three 
hours  later,  contained  slightly  more  than  200  per  cent,  and  a sample  col- 
lected at  4 o’clock  contained  215  per  cent;  another  collected  at  4:25  con- 
tained 215.7  per  cent,  while  samples  of  water  collected  one  and  one-half 
hours  later  at  the  same  point  and  under  the  same  conditions,  were  found 
to  contain  95.6  per  cent  dissolved  oxygen. 

During  the  time  that  these  examinations  were  made  the  surface  of  the 
water  was  marked  here,  there  and  everywhere  with  patches  of  blue-green 
scum,  the  size  of  a man’s  hand,  apparently  consisting  of  masses  of  fila- 
mentous algae,  etc.  The  current  was  quite  rapid,  and  these  patches  were 
about  two  or  three  feet  apart  in  various  directions.  The  samples  were 
taken  under  such  conditions  as  to  exclude  these  floating  matters  from 
the  sample  of  water  upon  which  the  test  was  made.  The  sun  w^as  shining 
very  brightly,  and  the  temperature  was  very  high.  These  examinations 
were  made  at  the  AveryvLlle  bridge,  where  the  river  is  very  narrow  and 
the  current  rapid.  Between  this  point  and  Henry,  about  thirty  miles  above, 
the  river  spreads  out  to  a considerable  width,  forming  a series  of  so-called 
pools,  lakes  or  lagoons,  in  which  the  current  is  very  sluggish.  In  these 
broad  stretches  the  conditions  of  depth,  spread  of  surface,  temperature 
and  rate  of  movement  are  in  the  summer  season  especially  favorable  for 
the  development  of  plant  life,  and  the  water  consequently  so  teems  with 
green  and  blue-green  organiss  that  oxygen  is  evolved  in  great  abundance ; 
in  fact,  may  frequently  be  seen  coming  from  the  floating  plants  in  streams 
of  minute  bubbles. 

During  the  middle  of  the  day,  when  the  chemical  activity  of  the  sun’s 
rays  is  at  the  maximum,  the  evolution  of  oxygen  naturally  will  be  at  the 
maximum  and  the  water  then  become  supersaturated,  but  as  the  sun  sinks 
toward  the  west  the  action  slackens  and  the  excess  of  oxygen  begins  to 
disappear ; partly,  perhaps,  by  diffusion  into  the  atmosphere,  but  undoubt- 
edly in  the  main  through  absorption  by  the  organic  matters  either  living  or 
dead  contained  in  the  water. 

The  water  which  was  found  to  be  supersaturated  at  Averyville  doubt- 
less received  its  oxygen  mainly  at  some  distance  above,  and  the  rather 
sudden  drop  from  215  per  cent  to  95.6  per  cent  was,  in  all  probability,  due 
to  the  fact  that  a new  body  of  water,  which  in  the  late  hours  of  the  after- 
noon had  not  been  exposed  to  such  vigorous  action  as  prevailed  earlier  in 
the  day,  began  to  reach  the  point  of  collection.  This  change  may  also 
have  been  partly  due  to  the  fact  that  as  evening  approached  the  sun  was  in 
part  obscured  from  the  particular  point  at  which  these  examinations  were 
made  by  dropping  below  the  high  wooded  bluffs  which  line  the  west  liank 
of  the  river  in  this  vicinity. 

Later  in  the  year — i.  e.,  upon  October  16 — another  series  of  examina- 
tions was  made  at  Averyville,  but  at  this  time  the  conditions  were  entirely 
different.  Ihe  quantity  of  dissolved  oxygen  reached  but  74.5  per  cent 
to  77.5  per  cent. 
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Examinations  which  were  made  during  January,  1900,  gave  similar 
results  to  those  just  mentioned  for  October,  1900.  Examinations  made  in 
June,  1900,  showed  figures  which  were  considerably  below  those  obtained 
in  July  and  August  of  the  preceding  year.  It  is  unfortunate  that  we 
did  not  have  an  opportunity  to  make  detenninations  in  1900  upon  the 
same  dates  as  in  1899,  for  in  June  the  season  is  not  sufficiently  advanced 
to  bring  about  the  conditions  which  are  commonly  encountered  in  the 
latter  part  of  July  and  the  middle  of  August. 

The  results  obtained  in  October,  1900,  were  practically  identical  with 
those  obtained  in  October,  1899,  which  would  seem  to  imply  that  the 
opening  of  the  Drainage  Channel  has  not  materially  changed  the  condi- 
tions with  respect  to  dissolved  oxygen  at  this  point  and  for  this  season 
of  the  year. 

Dissolved  Oxygen  Just  Below  Peoria. — The  few  examinations  jr.ade 
at  Wesley  City  have  always  shown  that  the  water  of  the  river  at  this 
point  contains  far  less  than  the  saturation  quantity  of  dissolved  oxygen,  a 
result  due,  of  course,  to  the  fact  that  so  much  sewage  is  discharged  into 
the  river  about  two  or  three  miles  above.  Somewhat  similar  conditions 
were  found  with  respect  to  the  water  at  Pekin.  The  effect  of  bright  sun- 
light is  strikingly  shown  by  comparison  of  the  figures  obtained  upon 
August  18,  in  the  middle!  of  the  morning,  with  those  obtained  August 
19th  late  in  the  afternoon,  the  figures  for  the  morning  being  24  per  cent, 
those  lor  the  afternoon  averaging  about  82  per  cent. 

Examinations  of  water  collected  early  in  the  morning  of  August  19, 
at  Havana,  thirty  miles  below  Pekin,  showed  but  about  one-third  as  much 
dissolved  oxygen  as  would  correspond  to  the  saturation  figure,  while  later 
in  the  day  determinations  by  both  the  Levy  and  the  Winkler  methods, 
made  at  Copperas  Creek  dam  and  at  Lancaster  Landing,  points  between 
Havana  and  Pekin,  showed  considerable  excess  of  dissolved  oxygen.  The 
weather  was  hot,  100  degrees  to  108  degrees  F.,  in  the  shade,  and  there 
was  considerable  plankton  in  the  water,  much  of  it  appearing  to  consist 
of  filamentous  and  other  algae. 

Dissolved  Oxygen  in  the  Water  of  the  Drainage  Channel. — Several 
determinations  were  made  of  the  dissolved  oxygen  in  the  waters  of  the 
Sanitary  Canal  itself.  Upon  August  13,  1900,  an  examination  was  made 
of  the  water  in  the  upper  end  of  the  Sanitary  Canal  at  Kedzie  Avenue. 
At  5:15  in  the  afternoon  a sample  taken  18  inches  below  the  surface  was 
found  to  contain  29  per  cent,  and  a little  further  down  the  canal — i.e  ., 
at  the  Belt  Line  bridge — at  5 :40  o’clock,  it  was  found  to  contain  28.2 
per  cent. 

Upon  June  29,  1900,  at  5 o’clock  in  the  afternoon,  this  water,  just 
above  the  beartrap  dam  at  Lockport,  was  found  to  contain  10.9  per  cent 
of  dissolved  oxygen,  while  at  200  yards  below  the  dam,  after  the  water 
had  been  agitated  with  air  in  its  escape  from  the  higher  level  of  the  Drain- 
age Channel  to  the  bed  of  the  Desplaines  River  below,  the  aeration  had 
been  sufficient  to  bring  the  proportion  of  dissolved  oxygen  up  to  55.5  per 
cent  of  the  saturation  figure.  Upon  August  14,  1900,  similar  determina- 
tions showed  that  the  water  above  the  dam  contained  5.9  per  cent,  and 
that  Ik'Iow  the  dam  70  per  cent  of  dissolved  oxygen. 
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At  Joliet,  examinations  made  upon  June  30,  1900,  showed  27.8  per 
cent  of  dissolved  oxygen  just  above  Dam  No.  i,  while  just  below  the  dam, 
where  the  water  has  fallen  twelve  or  thirteen  feet,  the  percentage  of  dis- 
solved oxygen  was  found  to  be  81.28. 

In  making  these  determinations,  due  care  was  exercised  to  prevent 
any  minute  bubbles  of  air  being  retained  by  the  water  which  was  made 
the  subject  of  the  examination.  The  entire  pipette  was  filled  with  the  water 
and  was  allowed  to  stand  for  a few  minutes,  until  such  bubbles  as  were 
contained  in  the  sample  collected  in  the  upper  part  of  the  pipette  and 
were  allowed  to  escape. 

The  results  obtained  at  Lockport  and  at  Joliet  show  quite  strikingly 
the  effect  of  agitation  of  the  water  with  air  in  falling  over  the  dams. 

A single  determination  made  upon  the  water  of  the  Fox  River  at 
Ottawa,  August  20,  showed  the  water  of  this  tributary  to  be  quite  super- 
saturated; it  contained  138.25  per  cent  of  dissolved  oxygen.  The  water 
of  the  Illinois  and  Michigan  Canal,  just  above  Channahon,  was  examined 
upon  August  21  and  was  found  to  contain  3 per  cent  of  the  saturation 
figure  of  dissolved  oxygen.  At  this  time  there  was  practically  no  water 
flowing  in  the  bed  of  the  Upper  Desplaines  below  Joliet,  as  at  Joliet  all 
of  the  flow  both  from  the  Desplaines  River  above  and  from  the  Illinois  and 
Michigan  Canal  was  carried  down  the  west  bank  of  the  river  in  the  Canal 
itself. 

The  following  tables,  designated  I to  X inclusive,  include  those 
prepared  by  Professors  Palmer,  Jordan  and  Burrill. 

ARTHUR  W.  PALMER,  Sc.  D., 
Professor  of  Chemistry,  University  of  Illinois. 
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Samtauy  Canal.  I.ocKroiiT. 


Date  of 

Date  of 

Depth  of 
Collection. 

per  Liter. 

z,  ^ 

, 

Remarks. 

Collection. 

Determination. 

1 

2 

-V  ver. 

5 Od 

H 

1901) 

19(K) 

June  29,  .5:00  I). m. 

June  29,  ,5:(X)i).in. 

18' 

below  surface 

1. 

1. 

1. 

20°C 

10.88 

I. Just  above 
■(  BearTrap  dam. 

“ 29,  5:1.5  “ 

“ 29,  5:45  “ 

18' 

( i » i 

5.1 

5.1 

5.1 

11 

,55.5 

200  vds.bel.  dam. 

Aug.  14 

.Vug.  14 

18' 

It  II 

.55 

.55 

.55 

18‘>C 

5.88 

i.liist  above 
■/  BearTrap  dam. 

“ It 

“ 14 

18' 

i 1 11 

6.55 

6.55 

6. .55 

1 I 

70.05 

Below  dam. 

Sanitakv  Canal,  Kedzie  Avenue. 


1900 

.Vug.  19,  5:1.5  p.m. 
••  13,  5:40  •• 

1900 

Aug.  13.  5:15p.m. 
“ 13.  5:40  " 

18"  below  surface 
18 

2.7 

2.6 

2.8 

2.7 

2.75 

2.65 

19°C 

29. 

28.2 

Desplaines' River,  Joliet. 

19tX) 

June  30,  .5:o0a.m. 
“ 30,  6:00  “ 

1900 

June  30,  5:30  a.m. 

“ 30,  6:00  “ 

18"  below  surface 

18"  “ 

2.6 

7.6 

2.6 

7.6 

2.6 

7.6 

18°c 

ti 

27.8 

81.28 

Just  above  dam 
Mo.  1. 

Below  dam  in 
sluice. 

Illinois  and  Michigan  Canal,  .iust  above  Channahan. 

1899 

Aug.  21,  6:30  a.m. 

1899 

.Vug.  21,  6:30  a.m. 

18"  below  surface 

.3 

2 

.25 

26°C 

1 

3.ai| 

Fox  River,  Ottawa. 


1899 

1899  1 

1 1 

Aug.  20.  5:00  p.m. 

Aug.  20,  5 :00  p.m. ' 18"  below  surface 

10.2 

10.4 

10.3  31°c  138.25 

Illinois  River  Water,  La  Salle,  above  Canal, 


Aug. 

1899 

16,  2:40  p.m. 

Aug. 

1899 

16,  2:40  p.m. 

18" 

below  surface 

8.4 

8. 

8.2 

26°C 

100.12 

It 

16,  3:05  “ 

II 

16,  3:05  “ 

18" 

8.2 

8.2 

8.2 

•* 

KX).12 

1 1 

16,  4:00  “ 

16,  4:00  “ 

18" 

11 

1 1 

8.2 

8.25 

8.22 

UXI.36 

II 

16.  3:30  “ 

I 1 

17,  4:00  “ 

18" 

4 1 

II 

6.2 

6.2 

6.2 

75 . 7 0 

1 Test  of  keep- 

1 I 

16.  3:30  “ 

1 1 

18,  9:00am. 

18" 

II 

4.6 

4.9 

4.75 

,58.00 

\ Ing  qualities. 

Illinois  and  Michigan  Canal,  Upper  Basin,  LaSalle. 


1899 

Aug.  16.  4:00  p.m. 

1899 

.Vug.  16,  4:00  p.m. 

18"  below  surface 

8.2 

8.25 

8.22 

27°c 

102.42 

“ 16.  l:tK)  “ 

“ 17,  4:U)  “ 

18"  '• 

6.3 

t>.3 

6.3 

•* 

78.45 

Kept  24  hours. 

16.  4:00  " 

“ 18,10:30  a.m. 

18"  “ 

5. 

5. 

5. 

62.26 

" 40  “ 

Illinois  River  Water,  Henry,  above  Dam. 


1899 

Aug.  17,  1:15  p.m. 
“ 17.  1:15  “ 

1899 

.'Vug.  17,  1:15  p.m. 

1"  below  surface 

17.3 

17.6 

17.45 

32°C 

220.88 

“ 17,  1:15  “ 

II  II 

16  7 

16.7 

16.7 

»• 

211. .39 

“ 17.  1:15  “ 

“ 17.  1:15  “ 

18"  “ 

15.8 

15.8 

15.8 

28^c 

2tX1.00 

“ 17,  1:15  “ 

“ 17,  1:15  “ 

18"  “ 

16.6 

16.3 

16.45 

*• 

2tl8.32 

“ 17.  1:15  “ 

“ 17,  1:15  “ 

“ 17,  1:15  “ 

“ 18,  1:.30  “ 

18"  .. 

18"  “ 

16.46 

8.9 

8.5 

8.7 

1 1 

2tl8.3.5 

110.12 

Winkler  Method 

1 'I’est  of  keep- 
■|  Ing  qualities. 

“ 17.  1:15  “ 

“ 17,  1:15  “ 

2'  from  bottom 

10.1 

10.2 

10.15 

11 

129.10 

“ 17,  1:15  “ 

“ 18,  1:30  “ 

ly  It  11 

3.7 

3.8 

3.7.5 

47.42 

i 'rest  of  keep- 

1 ing  qualities. 

Illinois  River,  Averyvii.le. 


1899 

1899 

Jujy 

21. 

4 :30  p 

ni. 

July 

21, 

4:30  p.m. 

18” 

below  surface 

13,2 

13.1 

13.15 

2900 

169.89 

21. 

5;(H) 

1 

21, 

.5:(X)  “ 

18" 

1 

13.3 

13.2 

13.25  “ 

171.18 

il 

21, 

5:30 

1 

** 

21, 

5::i0  “ 

18" 

li 

ti 

13.4 

13.2 

13.3 

li 

171 .83 

II 

21, 

6:(X) 

1 

II 

»).> 

1 1 :(X)  a.m. 

18" 

1 

il 

9.1 

• 9.0 

9.05 

ii 

116.92 

('rest  of  keep- 

1 

21, 

6 :(X) 

1 

II 

*>i) 

6:(X)  p.m. 

18" 

II 

li 

8.9 

Lost 

8.9 

114.98 

II 

21, 

6:(X) 

1 

“ 

♦>»> 

6:(X)  “ 

18" 

II 

il 

9.0 

9.0 

9.0 

116.27 

^ ing  qualities. 

II 

22, 

8 :.50  a 

m. 

oo 

8:50  a.m. 

18" 

li 

il 

6.6 

6.8 

6. >7 

li 

87.85 

1 

22. 

9:26 

1 

1 1 

22. 

9:26  •• 

18" 

11 

li 

7.1 

7.1 

7.1 

1 1 

91 .73 

II 

*>•) 

10:10 

1 

II 

•>•> 

10:10  “ 

18" 

1 

II 

7.4 

7.4 

7.4 

95.  IX) 

22. 

12:20  p 

ni. 

22 

12:20  p.m. 

18" 

il 

“ 

8.4 

8.9 

8.65 

111.75 

1 

22, 

1 :I0 

1 

o«> 

1:10  “ 

18" 

il 

8.9 

8.8 

8 . 85 

ii 

114.34 

II 

1:10 

1 

1 1 

2^1, 

2:(X)  “ 

18" 

il 

li 

2.9 

3. 

2.1X5 

ii 

3S  1 1 

i 'I'est  of  keep- 

1 1 

i>*> 

1 :10 

1 

II 

24, 

2:(H) 

18" 

II 

ii 

3.02 

il 

39.02 

) ing  qualities. 

1 'I’cst  of  keep- 

*>•> 

1:10 

21. 

2:(K)  “ 

18" 

1 1 

3 12 

40.31 
37.  as 
80.49 

-ing  qualities, 

\ Winkler's. 

1 * 

♦>•> 

1 :10 

1 

21, 

2:(H)  " 

l.H" 

1 

2.93 

Aug. 

17. 

6:30  p 

ni. 

Aug. 

17. 

6::X)  p.m. 

18" 

1 

1 1 

7.0 

6.7 

6.a5 

2l®c 

*» 

17. 

6:30 

*• 

17, 

6:30 

2' 

from 

hot  lorn 

6.3 

6.3 

6.3 

74  .03 

i 'i'est  of  keep- 

17. 

6:30 

1 1 

18, 

7:05 

2' 

8.2 

8.4 

8,3 

•* 

97., 53 

/ ing  qualities. 
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DISSOLVED  OXYGEN  IN  THE  WATER  OF  THE 

Illinois  River,  Avertville.— Continued. 


Date  of 

Date  of 

Depth  of 

Mg.  per  Liter. 

*»  , 

ig.- 

Remarks. 

Collection. 

Determination. 

Collection. 

1 

2 

A ver. 

g o« 

H is 

u«.2 

Aug. 

1899 

19,  12;30lLm. 

Aug. 

1899 

19,  12:30  p.m. 

18" 

below  surface 

14.5 

14.3 

14.4 

28.5°c 

184.14 

19,  3:80  “ 

“ 

19, 

3:20  •' 

18" 

kk  t» 

15. 

16. 

15.5 

29°c 

200.25 

(( 

19,  4:00  “ 

1 1 

19, 

4:00  “ 

18" 

17.2 

16.1 

16.65 

215.11 

it 

19,  i:2o  '• 

1 1 

19. 

4:25  “ 

18" 

tt  tt 

16.7 

16.7 

16.7 

tt 

215.76 

it 

19,'  5:.o.5  “ ■ 

t 

19, 

5:55  “ 

18" 

tk  kk 

7.5 

7.3 

7.4 

1 1 

95.6 

Oct. 

16,  8:35  a.m. 

Oct. 

le. 

8:35  a.m. 

18" 

tt  tt 

6.8 

6.9 

6.85 

20°  c 

74.53 

“ 

16,  9:25  “ 

16, 

9:25  ” 

18" 

1 1 1 1 

7. 

7. 

7. 

76. 17 

it 

16.11:00  “ 

tt 

16,11:00  “ 

18" 

tt  tt 

7. 

7.1 

7.05 

76.71 

t i 

16,  2:30  p.m. 

t 

16, 

2:30  p.m. 

18" 

tt  tt 

7. 

7.1 

7.05 

19. 5=0 

75.97 

It 

16,  3:30 

t 

16, 

3:30  “ 

18" 

tt  tt 

7.2 

7.2 

7.2 

tt 

77.. 58 

it 

16,  4:20  “ 

kt 

16, 

4:20  “ 

18" 

1 1 k t 

6.8 

7. 

6.9 

tt 

74.35 

Jan. 

1900 

4,  8:45  a.m. 

.Ian. 

1900 

4,  9:20  a.m. 

18" 

below  surface 

11.1 

11.1 

11.1 

l°c 

77.78 

4 t 

4,  8:45  “ 

•• 

4, 

9:20 

18" 

tt  tk 

11.1 

11.1 

11.1 

77.76 

1 Test  of  keep- 

it 

4,  8:45  “ 

t 

10:30  “ 

18" 

tt  tt 

10.9 

10.9 

10.9 

76.38 

it 

4,  8:45  “ 

i 

s. 

10:30  “ 

18" 

1 1 1 1 

10.8 

10.7 

10.75 

75.33 

f ing  qualities. 

4,  8:45  *■ 

tt 

4, 

8:45  “ 

8' 

it  kt 

11.1 

11. 

11.05 

“ 

77.44 

tk 

4,  8:45  “ 

kt 

4, 

5, 

8:45  “ 

8' 

tt  tt 

11. 

11. 

11. 

tt 

77.08 

( Test  of  keep- 

tt 

4,  8:45  “ 

tt 

10:30  “ 

8' 

tt  tt 

10.6 

10.6 

10.6 

1 1 

74.28 

It 

4,  8:45  “ 

t 

5, 

10:30  “ 

ft' 

tt  tt 

10.7 

10.7 

10.7 

1 1 

74.98 

f ing  qualities. 

4,11:45  “ 

tt 

4, 

1 1 

18" 

tt  kt 

10.9 

11.1 

11. 

tt 

77.08 

t 

4,11:45  “ 

t 

4, 

tt 

8' 

tt  tt 

11.2 

11.2 

11.2 

“ 

78.48 

June  30,  9:00a.m. 

June  30. 

9:00  a.m. 

18" 

tt  tt 

5.8 

5.8 

5.8 

25°c 

69.46 

tt 

30,  9:35  “ 

“ 

30, 

9:35  “ 

18" 

ft  tt 

6. 

6.1 

6.05 

tt 

72.45 

kt 

30.  9:a5  “ 

“ 

30, 

9:35  “ 

2' 

from  bottom 

6.2 

6.2 

6.2 

tt 

74.25 

tt 

30,  1:45  p.m. 

tt 

30, 

1 :45  p.m. 

18" 

below  surface 

6.5 

6.6 

6.55 

26°C 

79.95 

30,  2:40  “ 

30, 

2:40  “ 

18" 

tt  kt 

6.8 

6.8 

6.8 

83.02 

30,  2:40  “ 

tt 

30. 

2:40  “ 

2' 

from  bottom 

6.4 

,6.6 

6.5 

tt 

79.36 

tt 

30.  3:45  “ 

“ 

30, 

3:45  “ 

18" 

below  surface 

6.7 

Lost 

6.7 

tt 

81.80 

ft 

30.  3:45  “ 

** 

30, 

3:45  “ 

2' 

from  bottom 

6 7 

6.7 

6.7 

1 1 

81.80 

tt 

30,  4:35  “ 

1 1 

30, 

4:35  “ 

18" 

below  surface 

6.8 

6.9 

6.85 

t 

83.64 

“ 

30,  4:35  “ 

30, 

4:a5  “ 

2* 

from  bottom 

6.8 

6.8 

6.8 

t 

83.03 

Oct. 

13,  8:.30a.m. 

Oct. 

13, 

8:30  a.m. 

18" 

below  surface 

7.1 

Lost 

18°C 

74.34 

tt 

13,  9:45  “ 

13, 

9:45  “ 

18" 

tt  kt 

7.1 

7.2 

7.15 

“ 

74.87 

tt 

13,  9:45  “ 

13, 

9:45  “ 

18" 

tt  it 

7 . 

7.4 

7.2 

t 

75.39 

13,11:10  •' 

13, 

11:10  “ 

18" 

tt  tt 

7.1 

6.9 

7. 

18..5°c 

74.00 

1 1 

13,  2:00  p.m. 

“ 

13, 

2:00  p.m. 

18" 

tt  kt 

7. 

7.2 

7.1 

19°C 

75 . 77 

“ 

i;i,  3:10  “ 

13, 

3:10  “ 

18" 

tt  tt 

7.1 

7.4 

7.25 

77.37 

tt 

13,  3:10  “ 

13. 

3:10  “ 

18" 

tt  tt 

7.1 

7.1 

7.1 

1 1 

'15.77 

i i 

13,  4:25  “ 

1 1 

13, 

4:25  “ 

18" 

tt  tt 

7 . 

7. 

7. 

1 1 

74.00 

tt 

13,  11:10a.m. 

15, 

2:40  “ 

18" 

tt  tt 

6. 

6.1 

6.0,5 

18.5°c 

63.95 

Kept  51  hours. 

1 1 

13,11:10 

f ( 

15, 

3:00  “ 

18" 

tk  kt 

6. 

6. 

6. 

*• 

63.42 

“ 51  “ 

1 1 

13,  2:00  p.m. 

15. 

3:50  “ 

18" 

1 1 1 1 

5.7 

5.7 

5.7 

19°C 

60.83 

“ 50  “ 

tt 

13,  2:00  “ 

i t 

15, 

4:10  “ 

18" 

tt  tt 

4.5 

5. 

4.  IS 

,50.69 

“ .50  “ 

1 1 

13,  4:25  “ 

tt 

15, 

4:25  “ 

18" 

1 1 1 1 

6. 

6.1 

0.0:) 

C4..56 

“ 48  “ 

Illinois  River,  Wesley  City. 


1899 

1899 

J .50  ft.  from  W. 

July 

22,  9:00  a.m. 

July 

22,  9:00  a.m. 

18" 

below  surface 

O 

2.4 

2.2 

28°c 

30.38 

1 Hank. 

tk 

22.  9:30  " 

22,  9:.30  “ 

18" 

it  It 

7.2 

7.3 

7.25 

t k 

91.77 

Midstream. 

Aug. 

22,  10:(0  •* 

18,  7:00  a.m. 
18.  7:00  “ 

1 1 

Aug.' 

22,  10:00  “ 

18.  7:00a.m. 
18,  7:00  “ 

18" 

18" 

18" 

tt  tt 

tt  tt 

1 1 If 

7.5 

3.6 

2.7 

7.2 

3.6 

2.7 

7.. 35 

3.6 

2.7 

t 

24°C 

1 1 

93.03 

43.30 

31.72 

1 East  Hank.  50 
> feet  from  Mid- 
stream. 

tt 

19,  6:30  p.m. 

tt 

19,  6:30  p.m. 

18" 

tt  tt 

4.2 

3.5 

3.&5 

27.5°c 

48.36 

1900 

1900 

Jan. 

4.  4:00  p.m. 

Jan. 

4,  4:00  p.m. 
4.  4:00  “ 

2' 

below  surface 

11.1 

10.4 

10.75 

l°c 

75.33 

j-  East  Bank. 

4.  4:00  " 

2' 

tt  tt 

10.7 

10.7 

10.7 

it 

74.98 

1 1 

4,  4:00  “ 

1 1 

5,  12:40  “ 

2' 

tt  kt 

10.5 

10.4 

10.45 

tt 

73.22 

1 East  Hank, 

tt 

4,  4:00  “ 

tt 

5.  12:40  “ 

2' 

tt  tt 

10.5 

10.4 

10.45 

tt 

73.22 

\ kept  21  hours. 

Illinois  River.  Pekin. 


1899 

Aug.  18,10:00  a.m. 
“ 18,  10:00  “ 

“ 19.  5:30  p.m. 

“ 19.  5:30  “ 

1899 

Vug.  18,  10:00  a.m. 

“ 18,  10:00  “ 

“ 19,  5:30  p.m. 

“ 19,  5:30  “ 

18"  below  surface 
18"  “ 

18"  “ 

18"  “ 

2. 

2.6 

6.4 

6.04 

1.9 

2.6 

6.4 

1 .a5 
2.6 
6.4 

26.5'>c 

tt 

30°c 

tt 

24.04 

32.06 

84.21 

79.74 

1 

1 Midstream. 

Illinois  River.  Lancaster  Landing. 

1899 

Aug.  19,  4:20  p.m. 
“ 19,  4:20 

1899 

Aug.  19,  4:20  p.m. 
19,  4:20  “ 

18"  below  surface 
18"  “ 

9.7 

9.13 

9.8 

9.75 

30°c 

tt 

128.29 

120 

Winkler  Method 

Illinois  River,  Copperas  Creek  Dam. 

1899  1 1899 

Aug.  19.  3:30  p.m. ]Aug.  19,  3:.30p.m. 

18"  below  surface 

9.5 

9.7 

9.6 

29°c 

124.03 

95B 


DISSOLVED  OXYGEN  IN  THE  WATER  OP  THE 


Illinois  Riveii.  Havana. 


Date  of 
Collection. 

Date  of 

Determination. 

Deptli  of 
Collection. 

Mu 

per  Liter. 

d ' = s . 

1011:5.1  Remarks. 

H is  1 

1 

2 

.ever. 

1899 

1899 

Aug.  18,  3:30  p.m. 

.\ug.  18.  3:30  p.m. 

18"  below  surface 

3.7 

3.7 

3.7 

31°C  19.8 

••  19,  0:00 a.m. 

■■  19,  0:(Xia.m. 

18"  •• 

3.1 

3.5 

3.15 

21°C  10.51 

••  19.  0:00  " 

“ 19,  0:00  " 

18"  “ 

3.0 

3.7 

3.05 

13.89 

••  19,  0:00  “ 

“ 19,  0:tH)  “ 

18"  “ 

3.1 

••  30.12  Winkler  Method 

19,  0:00  “ 

19.  0:00  “ 

18 

3.01 



'•  35.31 

Illinois  River,  Grafton. 


1899 

1.899 

1 

Apr. 

29. 

10:30  a.m. 

Apr. 

29. 

10:30  a.m. 

r 

below  surface 

11.2 

[ 11.3 

11.25 

22'>( 

127.27 

/ 

29. 

2:15  p.iii. 

• • 

29, 

2:15  p.m. 

1' 

“ 

11.4 

11.4 

11.4 

1 •• 

I2s.9‘) 

1 .Midchannel. 

** 

2i». 

3:15  •• 

29, 

3:15  •• 

r 

it  t. 

11.1 

11.1 

11.1 

1 

125.. 56 

June  22. 

9:tX)  i).m. 

•lunc  23. 

a.  m. 

18' 

it  ti 

5.7 

1 5.5 

5.6 

27°  c 

69.73 

•• 

22, 

9:00  •• 

23. 

a.  m. 

18’ 

it  ii 

5.4 

1 5.6 

5.5 

•• 

68  19 

•* 

23. 

9:00  a.m. 

23. 

9:00  a.m. 

18' 

it  ti 

5.1 

5 5 

5.3 

28.3°c 

67.77 

23, 

4:30  p.m. 

•* 

23. 

4:30  p.m. 

18' 

it  i i 

5.7 

5.8 

5.75 

28°c 

71 .78 

23, 

1:30 

23. 

4:30 

18' 

it  ii 

5.7 

5.6 

5 . 65 

71.52 

21. 

1 :30  a.m. 

«i 

24. 

4 :30  a.m. 

18’ 

i i ii 

5.5 

5.55 

5 . 52 

69.87 

21, 

1 :45  i>.m. 

i i 

24, 

1 :45  p.m. 

18' 

i i it 

6. 

6. 

6. 

it 

75 . '.)5 

July 

27, 

3:30  p.m. 

July 

27, 

3:30  p.m. 

18' 

8.2 

8.3 

8.25 

32°c 

113.01 

i 

27, 

3:30  " 

“ 

27, 

3:30  " 

18' 

it  it 

8.21 

‘i 

112.46 

' 1 Winkler’s 

27. 

3:30  “ 

27, 

3:30  “ 

18’ 

it  ti 

■'8.25 

•* 

113.01 

( Method. 

* t 

27, 

4:00  “ 

1 1 

27, 

4:00  “ 

11' 

6.2.5 

6.25 

6.25 

31°c 

83.89 

27, 

4:30  “ 

27, 

4:30  “ 

4' 

it  i i 

9.6 

9.7 

9 65 

3l°c 

137.85 

i» 

27. 

5:00  “ 

it 

27, 

5:00  “ 

11' 

ii  ii 

5.98 

1 

31°c 

8i'  2ii  1 Winkler'S 

27, 

5:00  “ 

it 

27, 

5:00  “ 

ir 

it  it 

[ 

i. 

7;<  06 

( Method. 

27, 

5:45  “ 

it 

27, 

5:45  “ 

18’ 

ii  it 

7.7 

7.8 

7.75 

.32°C 

UX5.16 

27. 

8:.30  “ 

27, 

8:30  “ 

18’ 

it  it 

6 4 

87.67 

** 

27. 

8:30  •• 

it 

27, 

8:30  " 

18’ 

it  it 

C.63 

t i 

ftl)  S‘> 

28. 

0:2.)  a.m. 

1 1 

28. 

6:20  a.m. 

18’ 

it  it 

6. 

6. 

6. 

30°c 

78.94 

ti 

28, 

0:30  •• 

28, 

6:30  “ 

18' 

it  it 

5.91 

77.76 

1 

28, 

0:30  “ 

it 

28, 

6:30  “ 

18' 

it  it 

5.96 

“ 

78.42 

1 

28, 

11:30  “ 

1 1 

28, 

11:30  “ 

18' 

6.3 

29°c 

81 .39 

! Winkler’s 

it 

28. 

11:30  “ 

it 

28, 

11:30  “ 

18’ 

it  it 

6.29 

81 .27 

j'  Method. 

it 

28. 

11:30 

28, 

11:30  “ 

18' 

from  bottom 

5.. 32 

28°C 

67  34 

ti 

28, 

11:30  “ 

28, 

11:30  “ 

18' 

5.32 

67.34 

] 

“ 

28. 

3:30  p.m. 

i t 

28, 

3:30  p.m. 

18' 

below  surface 

7.15 

7.2 

7.17 

30°C 

94.34 

28, 

3:45 

28. 

3:45  " 

18' 

from  bottom 

6..^5 

6.35 

6.a5 

8;l.55 

28, 

4:20  “ 

28. 

4:20  “ 

4' 

below  surface 

9.35 

“ 

1213.03 

28, 

4:30  “ 

28. 

4:30  “ 

2' 

i i t i 

8.18 

it 

107  63 

ti 

28, 

4 :30  “ 

28. 

4:30  •• 

2' 

it  ii 

8.18 

It 

107. 6:^ 

Aug. 

25. 

7:.50  a.m. 

Aug. 

2.). 

7:50  a.m. 

18" 

it  it 

5.8 

5.9 

5.85 

28°C 

74.05 

25, 

11 :40  p.m. 

25, 

11 :40  i).m. 

18' 

it  it 

7. 

7.1 

7.05 

31  °c 

94.63 

25, 

3:10 

25, 

3:40  “ 

18" 

ti  it 

7. 

6.8 

6.9 

93.24 

25, 

8:35  a.m. 

ii 

25, 

8:35  a.m. 

2' 

from  bottom 

5.4 

5.4 

5.4 

28°C 

68. a5 

25. 

12: 15  p.m. 

25, 

12:15  p.m. 

2' 

it  ii 

5.2 

5.2 

5.2 

29°c 

67,18 

25, 

4:00  ■' 

25, 

4:00  •• 

2' 

it  it 

4.9 

4.9 

4.9 

30°C 

64.47 

Dec. 

28. 

1 :30  p.m. 

Dec. 

29, 

5:00  p.m. 

18" 

below  surface 

12.9 

13.5 

13.2 

0°C 

89.79 

Center  Channel 

28, 

1 :.30  “ 

30, 

a.m. 

18" 

t i i i 

12.7 

12.4 

12., 55 

85.37 

Opp.  side 

28. 

1 :30  “ 

it 

30, 

a.m. 

18" 

it  ii 

13.1 

13.1 

13.1 

tt 

89.11 

dist.  fr.  main 

19tK) 

1900 

shore 

Jan. 

4, 

11  :(X)  a.m. 

Jan. 

5, 

12:00  m. 

18" 

below  surface 

11.7 

11.5 

11.6 

0°c 

78.90 

4. 

11:00  “ 

6, 

2:20  p.m. 

18" 

ii  ii 

11. 

11.1 

11.05 

75.51 

4, 

11:(X)  “ 

0. 

2:20  •• 

18" 

it  i 1 

10.9 

10.8 

10.85 

it 

73.81 

** 

4, 

11:00  “ 

«. 

1 1 :(K)  a.m. 

2' 

from  bottom 

10.9 

10.9 

10.9 

it 

74. 15 

** 

4, 

11:00  “ 

0, 

11:(X)  •• 

2' 

ii  i. 

11.1 

11.1 

11.1 

ti 

75.. 51 

17, 

11:00  “ 

18. 

12.00  m. 

18" 

below  surface 

12. 

11.8 

11.9 

3°c 

88.14 

IT, 

11:00  “ 

18, 

12:00  m. 

18" 

ii  i. 

12. 

IjOsi 

88.88 

17, 

11:00  '• 

“ 

18. 

2:(H)  i).m. 

2' 

from  bottom 

12. 

12. 

12. 

ti 

88.88 

** 

17, 

11:00  “ 

it 

18, 

2:(X)  •• 

2' 

i. 

12.1 

12. 

12. a5 

it 

89.26 

21, 

11:30  “ 

25. 

10:30  a.m. 

18" 

below  surface 

10.8 

10.8 

10.8 

4°c 

82. 13 

24, 

11:30  “ 

ti 

25, 

10:30  " 

18" 

ti  ii 

10.9 

10.9 

10.9 

it 

82.88 

“ 

21, 

11:30  “ 

25. 

10:30  •• 

2' 

from  bottom 

10.8 

10.8 

10.8 

it 

82.13 

24, 

11:30  “ 

it 

26, 

10::40  •• 

2’ 

ti  ii 

10.9 

10.9 

10.9 

1 1 

82.88 

28, 

ll:(K)  " 

31. 

10:25  “ 

18" 

below  surface 

11.3 

11.3 

11.3  i 

0°C 

76.87 

Feb. 

28, 

11:00  “ 

Feb. 

31. 

10:25  “ 

from  bottom 

11.9 

11.7 

11.8 

80.27 

7, 

1 1 :30  a.m. 

9, 

8:.50  a.m. 

18" 

below  surface 

12.8 

12.8 

12.8 

1 1 

87.07 

i . 

11:30  " 

9. 

8:50  •• 

18" 

•i  •* 

12.9 

12.8 

12.85 

tt 

87.41 

7t 

1 1 :30  “ 

9, 

9:20  '• 

2* 

from  bottom 

12.9 

12.9 

12.9 

it 

87.75 

7, 

1 1 :30  “ 

10. 

8:15  “ 

2' 

ii  ii 

12.5 

12.4 

12.45 

ii 

84.69 

12, 

1 :30  p.m. 

** 

14. 

8:45  " 

18" 

below  surface! 

11.7 

11.7 

11.7 

tt 

79, 59 

12, 

1 :30  •• 

14. 

8:45  “ 

18" 

ii 

11.5 

11.5 

11.5 

it 

78.23 

12, 

1 ::«)  “ 

14. 

9:45  “ 

»>» 

from  bottom 

11.6 

11.5 

11., 55 

ii 

78., 57 

12. 

1 :30  “ 

15, 

9:45  •• 

•V 

••  ••  1 

11.1 

11.1  ' 

11.1 

ti 

14. 

1 1 :3()  a.m. 

** 

16. 

8:30  •• 

18" 

below  surface 

11.8 

11.8  i 

11.8 

ti 

80.27 

14. 

11:30  •• 

** 

16. 

8:30  “ 

18" 

ii  ii  1 

11.8 

11.8 

11.8 

ii 

80.27 

* ‘ 

14, 

11:30  •• 

16. 

9:20  “ 

2* 

from  bottom 

11.7 

1 1 .7 

1 1 .7 

It 

70  50 

14. 

11:30  '• 

17. 

8:35  •• 

i>» 

.»  ii  1 

11.5 

11.5 

11.5 

ii 

78.23 

19. 

11;(KI  “ 

* 

2(), 

5:(X)  p.m. 

18" 

below  surfacoi 

10.9 

10.9 

10.9 

ii 

82.88 

19. 

11:(X»  “ 

21. 

8: 15  a.m. 

18" 

ii  ii  1 

10.6 

10,6 

10.6 

ii 

72.11 

19. 

1:(K)  “ 

“ 

21, 

8:. 50  •• 

2* 

from  bottom 

9.9 

9.9 

9.9 

t i 

67  34 

19, 

1:00  " 

21. 

8:.50  •• 

*y 

ii  it  1 

10.4 

ii 

70  74 

it 

21, 

1:00  •• 

t 

2:t. 

0:40 

2' 

•i  ii  1 

9.9 

9.7 

9.8 

it 

(Hi 

21, 

1 :00  " 

2;i.  10:10  •• 

2' 

ii  ii  ‘ 

1 

10. 

9.9 

9.95 

6. '.89 

DISSOLVED  OXYGEN  IN  THE  WATER  OF  THE 


Illinois  River,  Grafton — Continued. 


Date  of 

Date  of 

Depth  of 
Collection. 

Mt'. 

per  Liter. 

S’.  s 

O U 

Remarks. 

Collection. 

Determination. 

1 

2 

.\  ver. 

5 ^ w 

. .is 

a"  cJ  4* 

1900 

1900 

Feb. 

22.  10:30  p.m. 
22.  10:30  “ 

Feb. 

26,  11:1.5  p.m. 

18"  below  surface 

8.6 

8.6 

8.6 

0°C 

58.5 

4 

26.  11:15  “ 

18" 

8.7 

8.7 

8.7 

i 

.59.15 

( » 

22.  10:30 

4 4 

26,  11:40  “ 

2'  from  bottom 

7.9 

8. 

7.95 

ti 

,54.08 

i Test  of  keep- 
1 ing  finalities. 

4i 

Mar. 

22,  10:30  " 

2.  1 :30  p.m. 

Mar. 

27,  8:15  “ 

3,  5:15p.m. 

2 

18"  below  surface 

7.9 

11.1 

8.2 

11.1 

8.05 

11.1 

ii 

4 » 

.54.76 

75.51 

2.  1:30 

*• 

5,  8:30  a.m. 

18 

10.9 

10.9- 

10.9 

74.15 

44 

2,  1:30 

** 

5.  9::35  “ 

2'  from  bottom 

10.9 

10.8 

10.85 

t 4 

73.81 

44 

2,  1:30 

44 

44 

5,  9:35 

2'  “ “ 

10.4 

10.4 

10.4 

(4 

70.75 

44 

5,  2:00 

4 

6.  12:45  p.m. 

18"  below  surface 

11.2 

11.3 

11.25 

44 

76.53 

h.  2:00 

6.  12:45  “ 

18" 

11.2 

11.2 

11.2 

76.19 

44 

5,  2:00 

44 

** 

6.  1:10  “ 

2'  from  bottom 

11.3 

11.2 

11.25 

4 4 

76.53 

j Test  of  keep- 
) ing  qualities. 

4 4 

4 4 

5,  2:00  “ 

7,  11:00  a.m. 

44 

7,  8:25  a.m. 

8,  4::35p.m. 

2'  “ 

18"  below  surface 

11.1 

11.1 

111 

Lost 

1 11.1 

4 4 

75.51 

75.51 

44 

7,  11:00 

14 

44 

8,  5:10  " 

18"  “ 

11.7 

11.7 

1 11.7 

44 

79  .59 

44 

7,  11:00 

44 

4 

9.  8:15  a.m. 

2'  from  bottom 

11.2 

11.3 

11.25 

44  * 

76.53 

44 

7,  11:00 

44 

4 

9.  8:15  “ 

2' 

11.5 

11.5 

11.5 

** 

78  23 

44 

9.  11:30 

44 

4 

10,  5:00p.m. 

18"  below  surface 

11.7 

11.8 

11.75 

4 4 

79.93 

44 

9.  11:30 

44 

4 

10,  5:30  “ 

18" 

11.7 

11.7 

11.7 

4 4 

79.59 

44 

9,  11:30 

4 

12,  8:25  a.m. 

2'  from  bottom 

10.1 

10.1 

10.1 

4 4 

68.71 

44 

9.  11:30 

44 

44 

12,  8:25  “ 

2' 

10.3 

10.3 

10.3 

4 4 

70.07 

44 

12,  11:30 

4* 

44 

13,  5:00  p.m. 

18"  below  surface 

10.6 

10.6 

10.6 

2°c 

76.42 

J Test  of  keep- 
( ing  qualities. 

44 

12.  11:30 

4 4 

4 

14,  8:00a.m. 

18 

10.3 

10.2 

10.25 

44 

73.90 

4 4 

12,  11:30 

44 

4 

13,  5:20  p.m. 

2'  from  bottom 

10.9 

10.8 

10.85 

44 

77.50 

j Test  of  keep- 
1 ing  qualities, 
j 'Pest  of  keep- 
1 ing  qualities. 

44 

12.  11:30 

4 4 

44 

14,  8:35  a.m. 

2' 

10.5 

10.5 

10.5 

44 

75. 7C 

44 

14,  10:30 

44 

44 

15,  4:.30p.m. 

18"  below  surface 

10.3 

10.3 

10.3 

4°C 

78.33 

44 

14,  10:30 

44 

16,  8:00  a.m. 

18"  “ 

10.3 

10.3 

10.3 

4 4 

78.33 

44 

19,  1:00  p.m. 

20,  4:15  p.m. 

18"  “ 

11.1 

11.1 

11.1 

0°c 

75.51 

4 4 

19,  1 :00 

44 

4 

21.  8:15  a.m. 

18"  “ 

11. 

11.1 

11.05 

4 4 

75.17 

44 

19,  1:00 

44 

44 

20,  4:45  p.m. 

2'  from  bottom 

11.1 

11.1 

11.1 

44 

75.51 

4 4 

19,  1:00 

44 

4 

21,  8:40  a.m. 

2 

10.9 

11.1 

11. 

44 

74.83 

44 

21,  10:30  a.m. 

44 

22,  4:30  p.m. 

18"  below  surface 

111 

11.1 

11.1 

3°c 

82.22 

44 

21,  10:30 

4* 

44 

23,  8:30  a.m. 

18" 

10.9 

10.9 

10.9 

44 

80.74 

44 

21,  10:30 

44 

4 

22,  5:15  p.m. 

2'  from  bottom 

11. 

11.2 

11.1 

44 

82.22 

44 

21,  10:30 

4 4 

44 

23,  9:0oa.m. 

2'  “ •* 

11. 

11. 

11. 

44 

81.48 

44 

2.3,  11:00 

“ 

24,  4:.50p.m. 

18"  below  surface 

11.2 

11.2 

11.2 

44 

82.96 

44 

23.  11:00 

44 

44 

26,  8:45  a.m. 

18' 

10.3 

10.3 

10.3 

4 4 

76.29 

44 

23,  11:00 

44 

44 

26,  8:20  “ 

2'  from  bottom 

10.1 

10.5 

10.3 

44 

76.29 

44 

23,  11:00 

44 

44 

26,  8:20  “ 

2' 

10.3 

10.3 

10.3 

4 4 

76.29 

44 

26,  11:30 

44 

44 

28,  10:20  “ 

18"  below  surface 

10. 

10. 1 

10.05 

4°c 

76.42 

44 

26.  11:30 

44 

44 

28,  10:20  “ 

18 

10. 

10. 

10. 

44 

76  04 

44 

26,  11:30 

44 

44 

28,  10:.50  “ 

2'  from  bottom 

10.2 

10.2 

10.2 

44 

77.56 

4 4 

26.  11 :30 

44 

29,  9:00  “ 

Z 

9.9 

10. 

9.95 

44 

75.66 

4 4 

28,  11:30 

44 

44 

29,  5:00  p.m. 

18"  below  surface 

9.8 

9.9 

9.85 

3°c 

72.96 

1 4 

28.  1!  :30 

44 

** 

30,  8:20  a.m. 

18"  “ 

9.6 

9.5 

9.. 55 

44 

70.  r4 

44 

28,  11:30 

44 

30,  8:50  “ 

■2'  from  bottom 

10.2 

10.2 

10.2 

44 

75 . 55 

44 

28.  11 :30 

44 

30,  8:.50  “ 

2'  “ “ 

10. 

10. 

10. 

4 4 

74 .07 

44 

30,  11:30 

Apri: 

2,  10:25  a.m. 

18"  below  surface 

8.4 

8.4 

8.4 

** 

62.22 

44 

30,  11:.30 

44 

2,  10:25  “ 

18"  “ 

8.7 

8.7 

8.7 

4 4 

64.44 

44 

30,  11 :30 

44 

2,  11:25  “ 

2'  from  bottom 

9.5 

9.4 

9.45 

44 

70.00 

April  2,  ll:30a.ni. 

44 

3,  5:00p.m. 

18"  below  surface 

10. 

9.9 

9.95 

4°C 

75.66 

4 4 

2.  11:30 

4 4 

4,  9:15  a.m. 

18"  “ 

10.2 

10.2 

10,2 

44 

77. 56 

44 

2,  1 1 :30 

44 

44 

4,  8:50  “ 

2'  from  bottom 

10. 

9.9 

9.95 

4 4 

75  66 

44 

2.  1 1 :30 

“ 

4,  8:50  “ 

2' 

10. 

10. 

10. 

44 

76.04 

4,  11:00 

44 

5.  4:.50p.m. 

18"  be’ow  surface 

9.9 

10. 

9.95 

44 

75.66 

4 4 

4,  11:00 

44 

6,  8:.50a.m. 

18" 

9.9 

9.9 

9.9 

44 

75.29 

44 

4,  11:00 

“ 

6,  8:20  “ 

2'  from  bottom 

9.7 

9.7 

9.7 

4 4 

73.76 

44 

4,  11:00 

6,  8:20  “ 

2 

10. 

10. 

10. 

44 

76.04 

44 

6,  11:30 

44 

44 

7,  4:50  p.m. 

18"  below  surface 

9.5 

9.5 

9.5 

5°c 

74.10 

44 

6,  11:30 

44 

9,  8:00  a.m. 

18’ 

8.7 

8.7 

8.7 

4 4 

67.86 

44 

6,  11 :30 

44 

44 

7.  .'.:25  p.m. 

2'  from  bottom 

9.3 

9.3 

9.3 

44 

72.. 54 

44 

6,  1 1 :30 

44 

9,  8:00  a.m. 

2 

8.6 

8.6 

8.6 

4 4 

67.08 

44 

9,  11:00 

10,  5:00  p.m. 

18"  below  surface 

8.8 

8.8 

8.8 

irc 

79.56 

44 

9,  11:00 

44 

11,  8:(X)a.m. 

18’ 

8.7 

8.7 

8.7 

** 

78.66 

44 

9.  11 :00 

44 

11,  8:30  “ 

2’  from  bottom 

8.8 

8.7 

8.75 

44 

79.11 

44 

9.  11:00 

“ 

44 

11,  8:30  “ 

2' 

8.7 

8 8 

8.75 

4 4 

79.11 

44 

11,  11:00 

4 4 

44 

12,  4:.50p.m. 

18"  below  surface 

9.4 

9.4 

9.4 

O^C 

81.17 

44 

11,  11:00 

4 4 

1.3,  8:10  a.m. 

18 

9.3 

9.3 

9.3 

4 4 

80.31 

44 

11,  11:00 

“ 

44 

12,  5:15  p.m. 

2’  from  bottom 

10. 

9.9 

9.95 

44 

85.91 

44 

11,  11:(0 

4 4 

13,  8:10  a.m. 

2»  * * 4 * 

9.9 

9.9 

9.9 

4 4 

85.49 

44 

13.  11:.30 

4 4 

44 

14,  4:40  p.m. 

18"  below  surface 

10.1 

10.1 

10.1 

87.22 

44 

13,  11:30 

“ 

14,  5:10  “ 

18" 

10.2 

10.3 

10.25 

4 4 

88.51 

44 

13,  11::30 

44 

44 

16,  8:20a.m. 

2’  from  bottom 

9.6 

9.6 

9.6 

44 

82.90 

44 

13,  11:30 

4 4 

16,  8:50  “ 

2'  “ “ 

10.2 

10.1 

10.15 

44 

87.65 

** 

16,  11:30 

44 

“ 

17,  5:00  p.m. 

18"  below  surface 

9.5 

9.6 

9.55 

lO^C 

84.43 

44 

16,  11 :30 

4 4 

** 

18,  8:25  a.m. 

2’  from  bottom 

9.9 

9.9 

9.9 

“ 

87.53 

44 

16,  11:30 

44 

44 

18,  8:25  •' 

2 

9.9 

9.7 

9.8 

44 

86.64 

4 4 

20.  11:30 

4 4 

21,  10:45  “ 

18"  below  surface 

9. 

8.9 

8.95 

11°C 

80.92 

4 4 

20,  11:30 

“ 

21,  10:45  “ 

18”  .. 

■ 8.9 

8.9 

8.9 

44 

80.47 

20,  11:30 

4 4 

44 

21.11:15  " 

2’  from  bottom 

8.8 

8.7 

8.75 

4 4 

79.11 

** 

20.  11:30 

4 4 

4 4 

21,11:15  “ 

2 

8.6 

8.6 

8.6 

4 4 

77.74 

44 

Zi.  11:30 

“ 

24,  5:00  p.m. 

18"  below  surface 

8. 

8.3 

8.15 

I4“C 

71.91 

** 

23,  11:30 

4 4 

25,  8:35  a.m. 

18" 

8.2 

8.1 

8.15 

71.91 

2:3.  11:30 

4 4 

2.5,  8:00  “ 

2'  from  bottom 

7.6 

7.6 

7.6 

44 

73.36 

*» 

23.  11:30 

4 4 

25,  8.00  “ 

2 

7.3 

7.2 

7.25 

4 4 

69.98 

May 

2.  11:30  a.m. 

May 

3,  11 :00  a.m. 

18”  below  surface 

8.2 

8.1 

8.15 

20°C 

88.68 

2,  11 :30 

3.11:00  “ ;I8'' 

8.2 

8.2 

8.2 

4 4 

89.23 

95D 


DISSOLVED  OXYGEN  IN  THE  WATER  OF  THE 


Illinois  Kiver.  Grafton— Concliitled. 


— 

Date  of 

Date  of 

Depth  of 
Collection. 

Mk-  per  Liter. 

S2_- 

Remarks. 

Collection. 

Determination. 

1 

2 

A ver. 

5 o cc 
H 

£ rtS 

S^cr. 

May 

1900 

2,  11:30  a.m. 

May 

1900 

3,  11:25  a.m. 

2' 

from  bottom 

8.8 

8.8 

8.8 

20°C 

^.75 

« » 

2. 

11:30  “ 

4, 

10:00  “ 

2' 

4 4 4 4 

8.2 

8.2 

8.2 

89.23 

it 

9. 

11:00  “ 

ii 

10, 

4:45  p.m. 

18" 

below  surface 

6.7 

6.8 

6.75 

19°c 

72.03 

t( 

9, 

11:(X)  “ 

»i 

11. 

8:10  a.m. 

18" 

44  44 

6.3 

6.3 

6.3 

44 

67.23 

9. 

11:00  " 

10, 

5:10  p.m. 

2' 

from'  bottom 

6.9 

6.9 

6.9 

4t 

73.64 

«i 

9. 

11:(X)  " 

i i 

11. 

8:35  a.m. 

2' 

44  44 

6.5 

6.5 

6.5 

44 

69.37 

i i 

10. 

11:30  “ 

18. 

p.m. 

18" 

below  surface 

3.7 

3.8 

3.75 

25°C 

44.91 

4i 

16, 

11:30  “ 

18, 

p.m. 

18" 

4 4 4 4 

3.8 

3.7 

3.75 

44 

44.91 

i 

16. 

11:30  “ 

18, 

p.m. 

2' 

from  bottom 

3.7 

3.5 

3.6 

4 4 

43.11 

16, 

11:30  “ 

** 

18, 

|).m. 

2' 

4 4 4 4 

3.8 

3.8 

3.8 

4 i 

45.51 

** 

30. 

11:30  “ 

44 

31, 

1 :50  p.m. 

18" 

below  surface 

5.1 

5.1 

5.1 

61.08 

4* 

30, 

11:30  “ 

4 4 

31, 

1:.50  “ 

18" 

4 4 4 4 

5.1 

5.1 

5.1 

4 4 

61.08 

«( 

30, 

1 1 :30  “ 

44 

31, 

2:50  “ 

2' 

from  bottom 

5.2 

5.3 

5.25 

1 4 

62.87 

(( 

30, 

1.1:30  “ 

June 

1, 

10:15  a.m. 

2^ 

4 4 4 4 

5.1 

5.1 

5.1 

44 

61 .08 

June 

6, 

11:30  “ 

7, 

4:30  p.m. 

18" 

below  surface 

4.4 

4.4 

4.4 

44 

,52.69 

(( 

6, 

11:30  •* 

44 

7, 

4:30  “ 

18" 

4 4 44 

5.2 

5.2 

5.2 

“ 

62.27 

k 

13, 

11:30  “ 

44 

1-4, 

4:30  “ 

18" 

4 4 44 

5.2 

5.2 

5.2 

27°C 

64.75 

4( 

13, 

11:30  “ 

44 

14, 

4:30  “ 

18" 

4 4 4 4 

5.8 

5.7 

5.75 

4 4 

71.61 

i( 

13, 

11:30  “ 

44 

15, 

9:00  a.m. 

2' 

from  bottom 

4.7 

4.6 

4.65 

44 

57.97 

27, 

11:30  “ 

4 4 

28, 

10:00  “ 

18" 

below  surface 

5.3 

5.5 

5.4 

44 

67.24 

27, 

11:30  “ 

4 4 

28, 

10:00  “ 

18" 

4 4 4 4 

5.4 

5.4 

5.4 

44 

67.24 

t 4 

27, 

11:30  “ 

44 

28. 

1 :30  p.m. 

2' 

from  bottom 

5.4 

5.5 

5.45 

44 

67.87 

July 

7, 

.5:00  p.ra. 

July 

7, 

5:00  p.m. 

18" 

below  surface 

7.3 

7.2 

7.25 

30°c 

95.4 

*• 

7, 

.5:00  •• 

7. 

5:00  “ 

Of 

from  bottom 

7.2 

7.2 

7.2 

94.7 

n 

7, 

5:45  “ 

44 

7, 

5:45  “ 

18" 

below  surface 

7 . 

7. 

7. 

4 4 

92.8 

Mississiri’i  River.  Grafton. 


.1899 

1899 

April  29. 

4:30  p.m. 

A pril  29. 

4:30  p.m. 

18' 

below  surface 

8.9 

8.9 

8.9 

18°c 

93.19 

June 

24, 

3:t)0  p.m. 

June 

24, 

3:00  p.m. 

18' 

4 4 4 4 

7 . 

6.8 

6.9 

27“c 

85.9 

July 

27, 

7:30i).m. 

July 

27. 

7:30  p.m. 

18’ 

4 4 4 4 

8.6 

8.8 

8.7 

3rc 

116.7 

28. 

9 : 1 f»  H . TD . 

*• 

28. 

9 : 15  a. m. 

18' 

4 4 4 4 

7.(H» 

29°c 

91.7 

Winkler. 

4 4 

28, 

9:15  " 

44 

28. 

9:15  “ 

18' 

7.1 

91 .7 

28, 

2:30  p.m. 

4 

28. 

2:30  p.m. 

18' 

.4 

8.9 

8.7 

8.8 

30°c 

:i5.8 

Aug. 

25. 

10:08  a.m. 

Aug. 

25. 

10:08  a.m. 

18' 

4 4 4 4 

7.3 

7.4 

7.!^5 

2T®c 

91  .,53 

4 4 

25, 

2:05  p.m. 

25, 

2:05  p.  m. 

18' 

4 4 4 4 

8. 

8.1 

8.05 

101.89 

44 

25, 

2:30  “ 

44 

25, 

2:30  •• 

18' 

4 4 4 4 

8.1 

8.1 

8.1 

“ 

102., 53 

Dec. 

28, 

1 :30  p.m. 

Dec. 

29, 

.5:(X)  “ 

18' 

4 4 4 4 

13.7 

13.7 

13.7 

0°c 

93.19 

Center  ('bannel. 

44 

28, 

1:30  “ 

*• 

30. 

9 00  a.m. 

18' 

44  44 

13.1 

13. 

13.05 

88 . 77 

Near  Dvke. 

4 4 

28, 

1:30  “ 

4 

30. 

9:00  “ 

18' 

44  44 

HI 

14. 

14. a5 

** 

95., 58 

Mo.  Shore. 

1900 

mx) 

Jan. 

4, 

1 :30  p.m. 

.Tan. 

5, 

12:00  m. 

18' 

below  surface 

15.5 

14.1 

14.8 

100. a5 

44 

4, 

1 :30  “ 

5. 

12:00  m. 

18' 

4 4 4 4 

16. 

16. 

16. 

it 

108.84 

44 

4, 

1:30  “ 

“ 

6. 

8:30  a.m. 

18' 

44  4 4 

15.6 

15.8 

15.7 

106.8 

“ 

4, 

1:.30  “ 

6. 

10:30  " 

2’ 

from  bottom 

15.4 

15.4 

15.4 

ii 

104  76 

44 

4, 

1 :30  “ 

44 

6, 

10:30  “ 

2' 

4 4 4 4 

14.6 

14.8 

14.7 

4i 

100.00 

«4 

17, 

I ::i0  “ 

4 

18. 

11:(X)  " 

18' 

below  surface 

14.6 

14.4 

14.5 

3°c 

107.41 

44 

17, 

1 :30 

i 

18, 

ll:tX)  " 

18' 

4 4 4 4 

14.6 

14.4 

14.5 

107.41 

44 

17, 

1 :30  “ 

4 

18. 

11:15  “ 

2' 

from  bottom 

14.6 

14.1 

14.35 

ii 

106.29 

44 

17. 

1 :30  “ 

4 

18. 

11:15  “ 

2' 

44  44 

13.9 

14. 

13.95 

103.33 

44 

24. 

2:00  “ 

44 

25. 

1 1 :lX)  " 

18’ 

below  surface 

12.7 

12.9 

12.8 

4°c 

97.33 

44 

21. 

2:00  “ 

25. 

I1:(X)  “ 

18" 

4 4 4 4 

12.6 

12.5 

12. .55 

“ 

95.44 

4 4 

21, 

2:00  “ 

25, 

11:30  “ 

2' 

from  bottom 

12.7 

12.6 

12. a5 

ii 

96.19 

21. 

2:00  “ 

20. 

10:30  “ 

2' 

4 4 4 4 

12.8 

12.7 

12.75 

1 i 

96.96 

44 

28.  12:15  “ 

31. 

11:30  “ 

18' 

below  surface 

11.9 

11.7 

11.8 

0°C 

80.27 

14 

28. 

12:15  •• 

31. 

11::!0  “ 

18" 

4 4 4 4 

12. 

11.9 

11.95 

81.29 

28. 

12:15  “ 

31. 

11:30  “ 

2' 

from  bottom 

12.5 

12.5 

12.5 

85.  as 

28. 

12:15  “ 

Feb. 

1. 

12: 1.5  p.m. 

2' 

4 4 4 4 

12.5 

12.4 

12.45 

84.69 

Feb. 

7, 

2:30  I). m. 

9, 

8:20  a.m. 

18" 

below  surface 

10.6 

10.6 

10.6 

72.11 

44 

7, 

2:30  " 

9. 

8:20  “ 

18' 

4 4 4 4 

10.3 

10.4 

10.35 

ii 

70.41 

** 

7, 

2:30  “ 

4 4 

9, 

9:20  “ 

2" 

from  bottom 

9.4 

9.6 

9.5 

4 4 

64.ti2 

“ 

7, 

2::i0  “ 

4 4 

10. 

8:15  " 

2' 

4 4 4 4 

8.2 

8.2 

8.2 

ii 

.55 . 78 

“ 

12, 

2:. 30  “ 

14, 

9:15  “ 

18' 

below  surface 

13. 

13.1 

13.05 

it 

88.77 

** 

12, 

2:30  " 

44 

14, 

9:15  •• 

18' 

44  44 

12.8 

12.7 

12.75 

“ 

86.73 

4 

12, 

2:30  •• 

14. 

9:45  “ 

2' 

from  bottom 

12.9 

12.8 

12.85 

ii 

87.41 

44 

12. 

2:30  “ 

44 

1.5. 

9:45  “ 

4 4 4 4 

12.8 

12.7 

12  75 

** 

8t5.73 

44 

14, 

1 :(X)  “ 

** 

16. 

8:.50  “ 

18' 

below  surface 

13. 

13.2 

13.1 

89.12 

14. 

1 :(X)  “ 

44 

16. 

8:,50  “ 

2' 

from  bottom 

12.8 

12.9 

12.85 

ii 

87.41 

11, 

1 :(X)  “ 

17, 

8:25  “ 

2' 

4 4 4 4 

13  3 

13.3 

13.3 

ii 

90.48 

19. 

2:(X)  “ 

20, 

5:iX)  p.m. 

18" 

lielow  surface 

11.6 

11.6 

11,6 

78  91 

19, 

2:(H)  “ 

1 4 

21, 

8:15  a.m. 

—2' 

from  bottom 

11.4 

11.3 

11.35 

*» 

70.41 

21, 

1 :.30  “ 

44 

23, 

11:10  “ 

18" 

below  surface 

10.8 

10.9 

10.85 

1 1 

73.81 

21, 

1 ::io  “ 

44 

23,  11:10  “ 

*>» 

from  bottom 

10.9 

10.9 

10.9 

i t 

74.15 

‘>4> 

1 1 ::X)  a.m. 

“ 

26, 

10:35  “ 

18" 

below  surface 

9.3 

9.4 

9.:15 

4 i 

63.60 

“ 

22. 

11::«)  “ 

“ 

26. 

10:35  “ 

2' 

from  bottom 

9.2 

9.2 

9.2 

t i 

62., 58 

Mur. 

2, 

1 1 :(X)  a.m. 

Mar. 

3, 

5: 15  it.m. 

18" 

below  surface 

12.5 

12.5 

12.5 

t i 

85.03 

44 

»> 

11:(X)  “ 

44 

6, 

8::k)  a.m. 

18" 

4 4 4 4 

12.5 

12.5 

12.5 

ii 

85.  (XI 

‘) 

•01 

11:(X)  “ 

44 

5, 

9:10  “ 

2* 

from  bottom 

12.6 

12.6 

12.6 

** 

85.71 

44 

2, 

6, 

11:(X)  “ 

44 

5. 

9:10  “ 

2’ 

4 4 4 4 

12.5 

12.6 

12.55 

ii 

85.37 

11::«)  “ 

6, 

11:30  " 

18" 

below  surface 

12.3 

12.5 

12.4 

i t 

84.35 

44 

5, 

11:30  " 

4 

6, 

11::X)  “ 

18" 

4 4 4 4 

12  3 

12.3 

12.3 

i i 

8:1.67 

44 

f>. 

11:30  “ 

44 

6. 

1 : 10  p.  m. 

2' 

from  bottom 

12  4 

12  4 

12.4 

ii 

84.35 

44 

5, 

11:30  “ 

4 

7, 

8:25  a.m. 

2' 

4 4 4 4 

12.4 

12.4 

12.4 

ii 

84.35 

44 

7, 

2:(X)  p.m. 

4 

8. 

4 :35  p.m. 

18" 

below  surface 

12.6 

12.6 

12.6 

«« 

85,71 

44 

7, 

2:(X)  “ 1 

44 

8. 

4:35  •• 

18" 



12.6 

12.5 

12. .55 

it 

85.37 

0*)E 


DISSOLVED  OXYGEN  IN  THE  WATER  OF  THE 

M1B8I8BIPPI  River.  Grafton— Continued. 


Date  of 

Date  of 

Depth  of 
Collection. 

Mg.  per  Liter. 

C 

^ CS  . 

a;  u e 

Remarks. 

Collection. 

Determination. 

1 

2 

A ver. 

s 0 a 
H 

. 

Mar. 

1900 

7,  2:00  p.m. 

Mar. 

1900 

9,  8:45  a.m. 

2'  from  bottom 

13. 

13. 

13. 

0°C 

88.43 

7, 

2:00 

*• 

44 

9. 

8:45  “ 

2- 

13. 

12.9 

12.95 

88.09 

4i 

9, 

1:00 

44 

44 

10, 

5:00  p.m. 

18"  below  surface 

12.7 

12.7 

12.7 

ii 

86.39 

(A 

9, 

1 :00 

44 

4 4 

12. 

8:50  a.m. 

18"  “ 

12. 

12.1 

12.05 

4 4 

81.97 

»* 

9, 

1:00 

4 4 

44 

10, 

5:30  p.m. 

2'  from  bottom 

12.6 

12.6 

12.6 

4 4 

85.71 

i 

9, 

1:00 

44 

44 

12, 

8:30  a.m. 

2' 

12. 

12. 

12. 

81.63 

12. 

1:00 

44 

4 

13, 

5:00  p.m. 

18"  below  surface 

11.7 

11.8 

11.75 

2°C 

84.71 

12, 

1:00 

4 4 

4 

14, 

8:00  a.m. 

18" 

11.2 

11.3 

11.25 

44 

81.11 

12, 

1:00 

44 

4 

13, 

5:20  p.m. 

2’  from  bottom 

12. 

12. 

12. 

44 

86.52 

12, 

1 :00 

44 

44 

14, 

8:35  a.m. 

2#  44  i( 

11.7 

11.7 

11.7 

44 

84.35 

41 

14,  1 1 :30 

44 

44 

15, 

5:30  p.m. 

18"  below  surface 

10.5 

10.5 

10.5 

4'’c 

79.84 

44 

14,  11:30 

4 4 

4 

16, 

8:00  a.m. 

18 

10.1 

10. 

10.05 

“ 

76.42 

44 

14,  11:30 

44 

4 

16, 

9:00  “ 

2'  from  bottom 

10.2 

10.3 

10.25 

44 

77  94 

44 

14. 

11 :30 

44 

44 

16, 

9:00  “ 

(}>  4 4 4 4 

10.1 

10. 

10.05 

4 4 

76.42 

19, 

2:00 

44 

20, 

4:15  p.m. 

18"  below  surface 

10.5 

10.7 

10.6 

0°C 

72.11 

44 

19, 

2:00 

4 4 

44 

21, 

8:15  a.m. 

18"  “ 

10.3 

10.6 

10.45 

** 

71 .09 

44 

19, 

2:00 

44 

44 

20. 

4:45  p.m. 

2'  from  bottom 

10.5 

10.7 

10.6 

44  ^ 

72.11 

44 

19, 

2:00 

4 4 

44 

21, 

8:40  a.m. 

2'  “ “ 

10.7 

11. 

10.85 

73.81 

44 

21,  11:30  a.m. 

4 4 

22, 

4:30  p.m. 

18"  below  surface 

11.8 

12. 

11.9 

3°c 

88.14 

44 

21,  11:30 

44 

23, 

8:30  a.m. 

18"  " 

10.7 

11.1 

10.9 

“ 

80.74 

»4 

21, 

11:30 

44 

44 

22, 

5:15  p.m. 

2'  from  bottom 

11.8 

11.8 

11.8 

44 

87.41 

44 

23, 

1 :00  p.m. 

4 4 

24, 

4:50  “ 

18"  below  surface 

10.4 

10  6 

10.5 

44 

7 ( 77 

23, 

1:00 

44 

4 4 

26, 

8:45  a.m. 

2'  from  bottom 

9.4 

9.5 

9.45 

44 

70.00 

20, 

1:00 

44 

28, 

10:50  " 

18"  below  surface 

10.6 

10.6 

10.6 

4°C 

80.61 

44 

28, 

1:00 

44 

44 

28, 

10:.50  “ 

2'  from  bottom 

10.9 

10.8 

10.85 

4 4 

82.51 

44 

26, 

1:00 

44 

4 4 

29, 

9:00  “ 

2' 

10.2 

10.2 

10.2 

44 

77  56 

4 

28, 

1:00 

4 4 

20, 

5:00  p.m. 

18"  below  surface 

10.9 

10.9 

10.9 

44 

82.89 

“ 

28, 

1:00 

** 

4 4 

30, 

8:20  a.m. 

18"  “ 

10.7 

10.6 

10.65 

80.98 

44 

28, 

1:00 

4 4 

44 

30, 

9:25  “ 

2'  from  bottom 

11.1 

11. 

11.05 

4 4 

84.03 

44 

28, 

1:00 

44 

4 4 

30, 

9:25  “ 

2' 

10.8 

10.8 

10.8 

82.13 

44 

30, 

1:00 

44 

April 

2, 

11:55  a.m. 

18"  below  surface 

10.6 

10.6 

10.6 

** 

80.61 

44 

30, 

1:00 

4 4 

44 

2, 

11:55  “ 

2'  from  bottom 

10.9 

10.9 

10.9 

*• 

82.89 

April 

2. 

1 :00  p.m. 

44 

3, 

5:00  p.m. 

18"  below  surface 

l2.2 

12.2 

12.2 

5°c 

95.16 

4 

2, 

1:00 

44 

4 4 

4, 

8:20  a.m. 

2'  from  bottom 

11.5 

11.5 

11.5 

89.70 

44 

2, 

1:00 

44 

44 

4, 

8:20  “ 

2' 

11.1 

11. 

11.05 

4 4 

86.19 

44 

4. 

1:00 

44 

44 

5, 

4:50  p.m. 

18"  below  surface 

10.4 

10.4 

10.4 

81.12 

44 

4, 

1:00 

“ 

44 

6. 

8:50  a.m. 

2'  from  bottom 

10.4 

10.3 

10.35 

44 

80.73 

44 

6, 

1:00 

44 

44 

7, 

4:50  p.m. 

18"  below  surface 

9.4 

9.5 

9.45 

4°c 

71.86 

44 

6, 

1:00 

44 

44 

9, 

8:30  a.m. 

18' 

8.2 

8.2 

8.2 

44 

62.35 

44 

6, 

1:00 

44 

44 

7, 

5:25  p.m. 

2'  from  bottom 

10.5 

10.4 

10.45 

44 

79.46 

9, 

1:00 

44 

44 

10, 

5:00  '• 

18"  below  surface 

9.5 

9.5 

9.5 

9°c 

82.04 

4 

9, 

1:00 

44 

4 4 

11, 

8:00  a.m. 

18 

9.4 

9.5 

9.45 

81.61 

44 

9, 

1:00 

44 

44 

11, 

9:10  “ 

2'  from  bottom 

9.7 

9.7 

9.7 

83.76 

44 

9, 

1:00 

44 

44 

11, 

9:10  “ 

2' 

9.9 

9.9 

9.9 

85.49 

44 

11, 

1:00 

44 

12, 

4:50  p.m. 

18"  below  surface 

9.9 

9.8 

9.85 

8°c 

82.98 

4 

11, 

1:00 

4 4 

4 4 

12, 

5:15  * * 

2'  from  bottom 

9.3 

Lost 

78.35 

44 

13, 

1:00 

4 4 

4 4 

14, 

4:40  “ 

18"  below  surface 

10.4 

10.4 

10.4 

44 

87.61 

44 

13, 

1:00 

4 4 

44 

14, 

5:10  “ 

18"  “ 

10.5 

10.5 

10.5 

44 

88.46 

44 

13, 

1:00 

4 4 

4 4 

16, 

8:20  a.m. 

2'  from  bottom 

10.4 

10.4 

10.4 

44 

87.61 

44 

13, 

1:00 

4 4 

4 4 

16, 

8:50  “ 

2 

9.8 

9.8 

9.8 

4 

82., 56 

44 

16, 

1:00 

4 4 

4 4 

17, 

5:00  p.m. 

18"  below  surface 

10.5 

10.5 

10.5 

11°C 

94.93 

44 

16. 

1:00 

4 4 

44 

18, 

9:20  a.m. 

18" 

9.8 

9.7 

9.75 

4 4 

88.15 

44 

16, 

1:00 

44 

H 

18, 

9:00  " 

2’  from  bottom 

10. 

10. 

10. 

44 

90.41 

44 

16, 

1:00 

44 

18, 

9:00  “ 

2- 

10.3 

10.3 

10.3 

93.13 

44 

20, 

1:00 

44 

21, 

10:00  “ 

18"  below  surface 

9.6 

9.7 

9.65 

44 

87.25 

44 

20, 

1:00 

44 

44 

21, 

10:00  “ 

18 

9.7 

9.7 

9.7 

44 

87.70 

4 

20, 

1 :00 

44 

44 

21, 

11:15  “ 

2'  from  bottom 

8.9 

8.9 

8.9 

80.47 

44 

23, 

1 :00 

44 

4 4 

24, 

5;00  p.m. 

18"  below  surface 

8.6 

8.6 

8.6 

14°c 

83.. 59 

44 

23, 

1:00 

** 

4 4 

25, 

8:00  a.m. 

18" 

7.7 

7.7 

7.7 

74.32 

• 

4 

23, 

1:00 

44 

44 

25, 

9:10  “ 

2'  from  bottom 

8.6 

8.6 

8.6 

4 

83.01 

44 

23. 

1:00 

44 

2.5, 

9:10  “ 

2'  “ “ 

8.3 

8 4 

8.35 

** 

82.. 53 

May 

2, 

1 :00  p.m. 

May 

3, 

10:30  a.m. 

18"  below  surface 

8.5 

8.5 

8 5 

19°C 

90.71 

* 

2, 

1:00 

44 

44 

3, 

10:,30  “ 

18' 

8.2 

8.3 

8.25 

88.04 

4 

2, 

1:00 

44 

44 

3. 

11:25  “ 

2'  from  bottom 

8.9 

8 9 

8.9 

4 

94.98 

44 

2. 

1:00 

44 

44 

4, 

10:00  “ 

O’  44  44 

8.1 

8.2 

8.15 

86.98 

9. 

1:00 

44 

44 

10, 

4:45  p.m. 

18"  below  surface 

7.3 

7.3 

7.3 

18°c 

76.44 

*• 

9. 

1 :00 

** 

4 4 

11, 

8:10  a.m. 

18" 

7.2 

7.2 

7.2 

“ 

75.39 

4 

9, 

1:00 

4 4 

10, 

5:10  p.m. 

2'  from  bottom 

7.9 

7.9 

7.9 

82.72 

4 

9. 

1:00 

44 

44 

11, 

8:35  a.m. 

O'  44  44 

7.5 

7.5 

7.5 

78.. 53 

»4 

16, 

1:00 

4 4 

18, 

p.m. 

18"  below  surface 

6. 

6. 

6.  1 

23°  c 

69.20 

“ 

16. 

1:00 

4 4 

18, 

p.m. 

2'  from  bottom 

6.4 

6 3 

6.3n 

•• 

73.24 

44 

30, 

1:00 

4 4 

31, 

2:,30  p.m. 

18"  below  surface 

7.2 

7.1 

7.15 

21°c 

84.02 

k 

30, 

1 :00 

44 

31, 

2:30  “ 

18"  “ 

7.1 

7.1 

7.1 

81.43 

I 

30, 

1 :00 

June 

1, 

10:15  a.m. 

2'  from  bottom 

7. 

7 . 

7. 

82.25 

.lune 

6, 

6, 

1 :00  p.m. 

4 4 

7, 

5:00  p.m. 

18"  below  surface 

5.8 

5.8 

5.8 

C5“c 

6.1.46 

1 :()0 

4 4 

44 

7, 

5:00  “ 

18"  “ 

6. 

6. 

6. 

71 .86 

44 

6, 

1:00 

4 4 

8, 

11 :00  a.m. 

2'  from  Dottom 

6.4 

6.4 

6.4 

76.65 

13. 

1:00 

4 4 

14, 

4:40  i).m. 

18"  below  surface 

0.(5 

6.7 

6.65 

20°c 

81.19 

13, 

1:00 

44 

k4 

15, 

9:00  a.m. 

2'  from  bottom 

6.4 

6.1 

6 . 25 

76.31 

27, 

1 :00 

4 4 

4 4 

28. 

12:40  p.m. 
12:40  “ 

18"  below  surface 

6.5 

63 

6.4 

27°C 

79.70 

27. 

1:00 

44 

44 

28, 

18" 

6.2 

6.2 

6.2 

“ 

77.21 

44 

27. 

1:00 

4‘ 

4 4 

28, 

1 :00  “ 

2'  from  bottom 

5.8 

5.7 

5.75 

71 .61 

4 4 

27. 

1:00 

4 4 

44 

28, 

1:00  *• 

2' 

5.9 

6. 

5.95 

74.09 

July 

7, 

5:4.5  p.m. 

July 

7, 

5:45  p.m. 

18"  below  surface 

7.4 

7.3 

7.35 

29°c 

94.9 

951 


DISSOLVED  OXYGEN  IN  THE  WATER  OF  THE 


MississiPi'i  Rivi;n,  Ai.ton. 
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' 

' - - 

— 

— 

-55-; 

Dntn  nf 

Dau*  of 

IH’lUh  of 
Collection. 

51;,'. 

tier  J.iler. 

sg,- 

Remarks. 

CollucUon. 

Deteiniiiiatlon. 

1 

o 

ver. 

r c - 

H > 

1W)9 

i8;i9 

• 

June 

4* 

25.  9:30a.m. 

.1  u tie 

25.  9::Wa.m. 

18' 

below  surface 

7.C 

7.6 

7.6 

26“C 

92.8 

.Missouri  shore. 

2.5.  9;-45  " 

2.5,  9:45  " 

18' 

7.3 

7.2 

7.25 

88.5 

Midstream. 

ti 

2.5.  10:00  '• 

25.  10:00  “ 

18' 

4t  it 

7.0 

6.8 

6.9 

*• 

84.2 

Missouri  shore. 

Aug. 

it 

20,  7:55a.m. 

Aug. 

26,  7:.55a.m. 

18' 

4 4 4 k 

6.9 

6.9 

6.9 

27°c 

85.92 

100'  off  111.  shore. 

26,  8:30  “ 

4k 

26,  8:30  “ 

18' 

44  it 

7.3 

7.4 

7.35 

28°C 

93.03 

t *4  distance 
')  from  111.  shore. 

it 

20,  9:10  “ 

44 

26,  9:10  “ 

18' 

4 4 44 

7.8 

7.9 

7.a5 

44 

99.36 

.Midstream. 

it 

20,  9:40  “ 

4 

26,  9:40  “ 

18' 

7.7 

7.8 

7.75 

“ 

98.10 

t distance 

1 from  Mo.sliore. 

it 

26,  10:10  “ 

4 

26,  10:10  *• 

18' 

4 4 4 4 

7.8 

7.7 

5.75 

“ 

98.10 

100'  fr.  Mo.  shore. 

it 

20,  l:1.5ii.m. 

26,  l:15i).m. 

18' 

7.5 

7.5 

7.5 

29°C 

96.89 

100'  fr.  111.  shore. 

it 

26,  1:45  “ 

ki 

20,  1:45  “ 

18' 

fit  44 

7.7 

7.8 

7.75 

100.12 

\ '4  distance 
■(  from  111.  sliore. 

it 

26,  2:15  “ 

44 

20.  2:15  “ 

18' 

> 4 4 4 4 

8.0 

8.1 

8.05 

101.00 

.Midstream. 

it 

26,  2:35  “ 

k 

26,  2:35  “ 

18' 

• kk  44 

8.3 

8.2 

8.25 

29.5'’c 

107.56 

\ ‘4  distance 
't  from  Mo.shore. 

it 

26,  3:a5  “ 

k 

26,  3:05  “ 

18' 

8.3 

8.3 

8.3 

108.21 

100'  fr.  Mo.  shore. 

it 

26,  4:10  “ 

26.  4:10  “ 

I*-' 

7.9 

7.8 

7 a5 

*• 

102.34 

100'  fr.  111.  shore. 
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REPORT  OF  THE  UNIVERSITY  OF  ILLINOIS. 


BY 

PROFESSOR  T.  J.  BURRILL,  Ph.  D. 


THE  EXTENT  OF  THE  WORK. 

The  work  herein  reported  covered  the  period  from  June  i,  1899,  to 
October  15,  1900.  During  this  time  2,800  samples  of  water  were 
received  from  the  collecting  stations  named  below.  The  samples  were 
usually  taken  once  a week  from  each  station,  but  from  January  30 
to  April  30,  1900,  daily  collections  were  made  from  the  Illinois  River 
at  Grafton,  Ilk,  and  three  times  a week  from  the  Illinois  and  Mississippi 
rivers  at  Grafton,  and  from  the  latter  near  Mitchell,  from  July  9,  to 
October  15,  1900.  From  each  of  these  2,800  samples  at  least  duplicate 
cultural  tests  were  made  for  the  number  of  bacteria  present,  and  fre- 
quently others  were  made  for  the  purpose  of  comparison  in  different 
culture  media  or  under  conditions  varying  from  the  usual  method,  aggre- 
gating, all  told,  about  7,000  cultures  for  colony  counts.  Further  tests 
were  made  in  case  of  most  of  the  samples  to  determine  the  presence  or 
absence  of  Bacillus  coli-commiinis  or  the  group  of  organisms  commonly 
associated  under  that  name.  In  these  from  two  to  five  series  of  tests 
were  made  for  each  sample,  each  usually  having  five  distinct  processes 
requiring  skillful  manipulation  and  discriminating  judgment.  Thus 
for  the  2,800  samples  there  have  been  some  30,000  cultures  and  as  many 
entries  of  the  results. 

THE  PURPOSES  OF  THE  INVESTIGATIONS. 

The  objects  in  all  this  were  to  ascertain  the  number  of  bacteria  ex- 
isting in  the  water  at  different  times  at  the  different  collecting  stations 
located  at  favorable  points  throughout  the  course  of  the  drainage  waters 
from  Chicago  to  St.  Louis,  to  determine  as  far  as  possible  the  facts  in 
regard  to  the  sources  of  contamination  of  these  waters,  and  those  in 
regard  to  natural  purification,  as  \\*ell  as  to  gather  data  showing  the 
distribution  in  the  waters  of  special  kinds  of  bacteria  associated  with 
certain  diseases  of  human  beings.  It  was,  in  a word,  to  show  what 
effects  the  sewage  of  Chicago  has  upon  the  stream  throughout  its 
course  for  368  miles. 
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It  should  bo  noted  that  the  work  bcj^an  in  the  early  summer  of 
1899.  eight  months  before  the  water  was  permitted  to  pass  through 
the  Sanitary  Canal  then  in  process  of  construction,  and  continued  nine 
months  after  this  great  waterway  was  opened.  Comparisons  for  the 
months  of  June,  July  and  August  for  the  two  years,  1899  and  1900,  be- 
fore and  after  the  opening  of  the  Sanitary  Canal,  are  especially  noteworthy 
and  are  abundantly  presented  hereafter. 

In  order  to  determine  in  a general  way  the  contaminations  reaching 
the  waters  of  the  Illinois  river  besides  such  as  came  from  the  city  of 
Chicago,  samples  were  continuously  collected  from  the  Kankakee  river 
at  Wilmington,  from  the  Fox  river  at  Ottawa,  from  the  Big  A’ermilioii 
river  near  LaSalle,  and  from  the  Sangamon  river  near  Chandlersville. 
All  of.  these  streams,  with  other  tributaries  of  the  Illinois  river,  receive 
the  sewage  of  large  aggregate  populations  and  must  have  considerable 
effect  upon  the  character  of  the  water  into  which  they  discharge.  For 
further  comparative  studies  collections  were  also  made  from  the  Miss- 
issippi river  above  the  entrance  of  the  Illinois  at  Grafton  and  from 
the  Missouri  river  at  West  Alton,  and  as  incidental  to  the  main  work  in 
hand,  analyses  are  reported  of  regularly  collected  samples  of  Giicago  and 
St.  Louis  tap  waters. 


COLLECTING  ST.VTIOXS  AXFy  SHIPMENTS. 

The  collecting  stations  were  selected  and  the  methods  of  taking 
and  shipping  the  samples  for  chemical  and  for  bacteriological  analyses 
were  determined  conjointly  by  Professor  Arthur  W.  Palmer  of  the 
University  of  Illinois  and  Professor  Edwin  O.  Jordan  of  the  University 
of  Chicago,  as  elsewhere  described  by  them  in  this  volume.  For  ready 
reference,  those  on  the  course  of  the  stream,  with  their  approximate 
distances  from  the  pumping  station  at  Bridgeport,  Oiicago,  are  here 
named  in  order  of  their  occurrence  : 

Lockport,  Michigan  Canal,  Dcsplaines  river,  and  Sanitary  Canal.  29  miles. 

Joliet,  Jackson  street,  Dcsplaines  river.  33  miles. 

Joliet,  Rock  Island  Bridge,  Dcsplaines  river,  36  miles. 

Morris,  Illinois  river  (9C>  miles  below  union  of  Kankakee  and  Dcsplaines), 
57  miles. 

Ottawa,  Illinois  river,  81  miles. 

La  Salle.  Illinois  river,  and  Illinois  and  Michigan  Canal,  93  miles. 

Henry,  Illinois  river,  123  miles. 

.Averyville  (North  Peoria),  Illinois  river.  139  miles. 

W esley  City.  Illinois  river  (4  miles  below  Peoria),  163  miles. 

Pekin,  Illinois  river,  173  miles. 

Havana,  Illinois  river.  199  miles. 

Beardstown,  Illinois  river,  231  miles. 

Kampsville,  Illinois  river,  288  miles. 

(irafton,  Illinois  river,  318  miles. 

(iraflon,  Mississijipi  river. 

■Alton,  Mississippi  river,  4(X)  feet  from  Illinois  shore,  333  miles. 

.Alton,  .M ississi])])!  river,  Vi  width  from  Illinois  shore. 

.Alton,  .Mississippi  river,  cetiter  of  stream. 


Alton,  Mississippi  river,  ^/4  width  from  Missouri  shore. 

Alton,  Mississippi  river,  400  feet  from  Missouri  shore. 

Mitchell,  Mississippi  river,  400  feet  from  Illinois  shore,  348  miles. 

Mitchell,  Mississippi  river,  center  of  stream. 

Mitchell,  Mississippi  river,  St.  Louis  Inlet  Tower. 

Mitchell,  Mississippi  river,  400  feet  from  Missouri  shore. 

West  Alton,  Missouri  river. 

Jefferson  Barracks,  Mississippi  river,  400  feet  from  Illinois  shore,  368  miles. 

Jefferson  Barracks,  Mississippi  river,  14  width  from  Illinois  shore. 

Jefferson  Barracks,  Mississippi  river,  center  of  stream. 

Jefferson  Barracks,  Mississippi  river,  14  width  from  Missouri  shore. 

Jefferson  Barracks.  Mississippi  river,  400  feet  from  Missouri  shore. 

Chicago  tap  water. 

St.  Louis  tap  water. 

The  samples  were  taken  at  these  stations  accordinp^  to  strict  instruc- 
tions, packed  in  ice,  and  forwarded  to  the  laboratory  as  speedily  as  possi- 
ble. Further  description  of  these  processes  is  not  gdven,  because  a full 
account  has  been  made  by  others  in  this  report.  It  should  be  said,  how- 
ever. that  notwithstanding-  the  great  pains  taken  to  prevent  unnecessary 
delays,  these  sometimes  occurred,  and  the  samples  were  not  received  in 
good  condition.  At  first,  before  collectors  and  express  agents  came  to 
understand  the  necessities  in  the  case,  there  was  much  trouble  of  this 
kind,  though  subsequently  little  complaint  could  be  made.  The  figures 
for  May,  1899,  are  not  included  on  account  of  errors  due  to  the  causes 
just  referred  to. 

Throughout  the  entire  period,  however,  the  method  of  sending  sam- 
ples for  plating  was,  under  the  best  possible  conditions  which  could  be 
devised,  an  unsatisfactory  substitute  for  work  upon  the  spot  and  at 
the  instant  collections  were  made.  It  is  a fact  that  in  case  of  most  of  the 
waters  examined  the  numbers  of  bacteria  had  been  at  a maximum  some 
time  previous  to  the  date  of  collecting,  that  the  water  had  been  in  most 
cases  undergoing  the  natural  processes  of  purification,  with  an  accompany- 
ing diminution  of  the  number  of  living  bacteria.  When,  therefore,  the 
conditions  were  made  unfavorable  for  the  multiplication  of  bacteria,  as  by 
the  want  of  aeration  and  low  temperature,  the  rate  of  diminution  was 
necessarily  greater.  Hence  transported  samples  ordinarily  gave  a less 
number  of  colonies  in  the  culture  dishes  than  plating  direct  from  the  water 
at  the  collecting  station  would  have  shown.  On  the  other  hand,  some 
special  species,  well  adapted  to  the  new  conditions,  undoubtedly  did 
multiply  rapidly  in  the  water  after  it  was  enclosed  in  the  collecting  bottles. 
Tills  sort  of  increase  must  have  been  more'  striking  as  the  length  of  time 
was  increased,  because  these  special  kinds  were  freed  from  the  com- 
petition of  the  others.  Any  water  rich  in  fresh  organic  matter  would  also 
ofifer  an  opportunity  for  notable  increase  in  the  bacteriological  con- 
tents, especially  under  favorable  conditions,  during  24  or  more  hours  in  a 
collecting  bottle.  Thus,  while  our  numbers  are  commonlv  less,  they 
are  sometimes  presumably  greater  than  place-plating  would  have  shown. 

For  these  reasons,  as  well  as  for  variations  always  encountered  in 
work  of  this  kind,  the  figures  herewith  reported  must  be  considered 
approximate  ones  only,  but  the  errors  are  not  believed  to  be  sufficiently 


serious  to  affect  the  comparative  results.  In  a very  few  instances  counts 
widely  deviating  from  those  commonly  obtained  from  given  samples 
have  been  thrown  out  in  preparing  the  tables,  but  in  no  case  have  numbers 
been  otherwise  modified.  The  figures  are  reported  just  as  they  were 
-entered  in  the  laboratory  books. 


PLATING  FOR  COLONY  COUNTS. 

Nutrient  agar-agar  was  chosen  instead  of  gelatin,  more  commonly 
used  for  colony  counts,  because  upon  the  whole  the  former  was  believed 
to  be  the  better  adapted  to  the  particular  work  in  hand  under  the  special 
conditions  existing.  It  is  true  that  more  bacteria  commonly  develop 
in  gelatin,  but  it  is  gravely  questioned  that  better  comparative  results 
can  ever  be  obtained  by  the  use  of  this  medium  in  the  study  of  such 
waters  as  were  here  dealt  with.  The  fact  that  liquefaction  often  takes 
place  through  the  energetic  action  of  some  rapidly  developing  species 
before  the  slower  growing  kinds  have  grown  sufficiently  to  be  visible,  and 
therefore  before  a proper  count  can  be  made,  is  in  itself  a very  serious 
drawback  to  the  use  of  gelatin.  With  it  there  can  be  less  uniformity  in  the 
length  of  time  allowed  for  the  plates  to  develop  before  counting,  hence 
there  is  a kind  of  irregularity  introduced,  due  in  part  to  the  particular 
species  or  association  of  species  one  happens  to  have  to  deal  with  in  a 
particular  plate,  which  are  not  the  same  in  another  plate  used  for  com- 
parison. Anything  which,  compels  the  laboratory  employee  to  watch 
the  progress  of  individual  cultures  and  to  modify  his  own  action  in 
accordance  therewith  tends  to  defeat  the  comparisons  for  which  alone  his 
work  is  valuable.  It  is  impossible  ordinarily,  under  the  best  conditions, 
to  leave  a gelatin  plate  more  than  four  days  before  counting,  often  not 
more  than  half  this  length  of  time.  The  slower  growing  species  may  not 
appear  at  all  within  these  limits,  while  others  are  destroying  the  plate 
by  liquefaction.  In  the  case  of  agar  the  growth  is  commonly  less  rapid, 
but  after  a colony  is  once  formed  it  does  not  disappear  except  by  in- 
definitely spreading,  and  even  those  overrun  can  often  be  seen  at  the  end 
of  a chosen  uniform  period  of  sufficient  length  to  permit  the  best  de- 
velopment for  counting.  As  uniformity  of  results  means  in  this  work 
much  more  than  a maximum  growth  from  one  or  more  samples,  nutrient 
agar  has  claims  for  consideration  aside  from  convenience  of  handling 
in  hot  weather. 

The  plating  agar  was  made  from  butchers’  meat  with  Witte's  pep- 
tone, titrated  against  sodium  hydroxide  to  the  phenolphthalein  neutral 
point,  and  brought  by  means  of  hydrochloric  acid  to  lO  on  Fuller’s  scale. 
Care  was  taken  to  have  the  medium  several  weeks  old  before  use,  as  a 
means  of  avoiding  spreading  growths,  and  to  secure  better  pouring  qualitv. 
The  prepared  plates  were  kept  in  a basement  room  of  a large  building, 
where  the  temperature  was  practically  constant  at  20°  C.  This  was 
found  lo  be  much  more  satisfactory  than  keeping  the  cultures  in  a box 
with  a constant  temperature  maintained  by  running  water.  The  plates 
were  uniformly  counted  after  a development  period  of  ten  days.  When 
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helpful  a lens  was  used  in  counting.  Such  dilutions  were  made  of  the 
water  as  were  found  by  repeated  trials  necessary  to  secure  from  50  to 
100  colonies  upon  a Petrie  dish  100  mm.  in  diameter. 


BACILLUS  COLI-COM M U X I S . 

Much  attention  was  given  to  the  so-called  colon  group  of  bacteria. 
This  investigation  was  undertaken  with  a realizing  sense  of  the  diffi- 
culties sure  to  be  encountered  in  obtaining  trustworthy  results  and  of  the 
care  needful  to  avoid  serious  errors.  In  the  first  place,  much  variation  is 
known  to  occur  in  cultures,  and  in  the  characteristics  relied  upon  for  iden- 
tification, due  to  the  special  type  in  hand,  whether  or  not  these  variations 
are  considered  to  be  of  specific  value  when  found  reasonably  permanent 
and  sufficiently  recognizable  under  variations  of  conditions.  Then  the 
previous  history  of  the  special  organisms  dealt  with  and  the  immediate 
conditions  of  growth  lead  to  much  difterence  in  results.  From  inherent 
peculiarities  and  from  external  causes  combined  the  investigator  must 
anticipate  considerable  departure  from  any  standard  adopted  for  the 
characterization  of  this  colon  organism  or  organisms.  It  is,  however, 
a matter  of  the  greatest  importance  in  such  studies  as  this  that  the  mean- 
ing expressed  by  figures  in  reports  shall  be  clearly  interpretablc  and  open 
to  critical  review.  With  this  in  view,  the  processes  made  use  of  for  the 
identifications  reported  are  here  described  in  considerable  detail. 

After  some  preliminary  changes  in  methods  a routine  of  procedure 
was  adopted  and  afterward  adhered  to  as  follows ; 

(i)  One  cubic  centimeter  of  the  water  to  be  e.xamined  was  placed 
in  each  of  at  least  two  tubes  containing  a culture  medium  made  up  of : 

5 grnis.  Liebig’s  meat  extract. 

10  grms.  chemically  pure  lactose. 

I grm.  pure  carbolic  acid  crystals. 

1,000  cc.  distilled  water. 

Litmus,  aqueous  solution  sufficient  to  color. 

These  were  incubated  at  about  38°  C.  for  48  hours.  If  the  color 
remained  unchanged  a negative  result  was  at  once  interpreted,  since  the 
conditions  were  favorable  for  the  growth  of  the  organism  in  question 
and  though  very  few  were  originally  contained  in  the  water,  multiplication 
would  rapidly  take  place,  while  the  restraining  influences  of  the  carbolic 
acid  and  the  temperature  would  keep  in  check  the  ordinary  bacteria.  In 
the  presence  of  sugar,  colon  bacteria  produce  acid,  and  this  is  quickly 
indicated  by  the  litmus.  If  one  or  both  the  tubes  became  red  separation 
cultures  were  made  in  nutrient  gelatin  containing  lactose  and  litmus  as 
in  the  medium  just  described.  Indications  of  the  colonics  of  the  organism 
were  supposed  to  be  given  by  the  change  of  color  in  the  immediate 
vicinity,  and  selections  were  then  made  by  the  other  characteristics  for 
pure  cultures.  'Phesc  were  made  in  sugar-free  and  in  2%  glucose  broth — 
the  former  for  indol  tests  and  the  latter  for  gas  in  the  fermentation 
tube  and  in  litmus  milk. 

urj 


Sterile  meat  infusion  was  made  sugar-free  by  inoculating  with 
typical  Bacillus  coli-cominunis  and  incubating  for  14  to  16  hours.  It 
was  then  boiled,  filtered,  and  sterilized  in  tubes.  Cultures  for  indol  tests 
were  incubated  36  to  48  hours,  after  which  about  i cc.  of  .04%  solution 
of  sodium  nitrite  and  4 to  6 drops  of  concentrated  sulphuric  acid  were 
added.  If  the  red  color  did  not  immediately  appear  after  shaking,  the 
tubes  were  left  for  a time  in  the  incubator. 

In  the  fermentation  tubes  30  to  60  per  cent  of  gas  was  considered 
indicative  of  the  colon  bacillus,  but  in  practice  a positive  record  was  made 
if  all  other  tests  were  favorable,  even  though  within  somewhat  varied 
limits  a greater  or  less  amount  of  gas  appeared.  The  upper  limit  was, 
however,  rarely  surpassed  when  other  characteristics  agreed  in  indicating 
the  colon  bacillus.  The  lower  limit  proved  more  variable,  due  perhaps 
to  the  varietal  peculiarity  of  the  organism  or  to  its  immediately  preceding 
history. 

When  all  of  the  tests  could  be  undoubtedly  interpreted  as  showing 
the  presence  of  the  colon  bacillus  a positive  record  was  entered ; when 
some  of  them  clearly  failed  and  further  trials  resulted  in  the  same  way,  a 
negative  entry  was  made.  If,  however,  as  sometimes  happened,  the  tests 
were  contradictory  or  uncertain,  the  record  was  made  to  show  this  con- 
dition of  things.  In  the  tables  following  the  signs  -f-  and  — show  the 
presence  or  absence  respectively  as  thus  ascertained  of  the  organism  or 
organisms  in  question,  and  an  interrogation  point  indicates  doubtful 
results. 

No  animals  were  inoculated  to  test  the  pathogenic  properties  of  any 
isolated  organisms.  This  was  impracticable  upon  the  scale  upon  which  the 
work  was  done.  Further,  there  was  little  to  be  gained  by  the  process. 
The  contaminations  of  these  waters  by  germs  pathogenic  to  man  are 
presumably  confined  to  those  producing  intestinal  disorders,  and  these 
show  very  great  variability  in  regard  to  virulence  to  animals  widely 
dififerent  from  their  effects  upon  man.  For  instance,  no  added  informa- 
tion would  be  probably  gained  in  regard  to  the  distribution  of  Bacillus 
typhosus  by  inoculating  animals  with  cultures  derived  from  the  waters 
under  examination. 


RESULTS  IN  REGARD  TO  THE  NUMBERS  OF  BACTERIA. 

A glance  at  the  tabular  exhibits  presented  herewith,  and  better  by 
the  graphical  showing,  reveals  at  once  the  very  striking  differences 
which  exist  in  the  bacterial  content  of  these  waters  in  the  different  por- 
tions of  the  stream.  'Fhere  is  everywhere  much  variation  for  which  there 
arc  several  well  recognized  causes.  There  arc  seasonal  diflfcrcnces  to 
which  attention  is  further  to  be  called;  there  arc  changes  determined 
by  rains  and  the  wash  from  the  shores  of  the  main  channel  and  of  the 
entire  tributary  systems,  and  these,  of  course,  arc  irregular  iu  time  and 
variable  in  extent.  There  are  also  changes  brought  about  bv  artificial 
processes  of  such  nature  that  tlie  stream  recciv’cd  at  one  time  more  than 
another  decomposable  matter,  as  the  wastes  from  manufactories  and 
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the  offal  from  stockyards.  But  in  spite  of  any  such  variations  the  num- 
bers of  bacteria  are  always  enormous  at  Bridgeport  and  at  other  head- 
water stations.  They  decrease  with  marked  regularity  as  one  follows 
down  stream  to  Peoria.  The  place  called  Averyville  is  just  above  this 
city,  where  the  pumping  works  are  located  by  which  the  place  is- supplied 
with  water.  This  is  159  miles  from  Jjridgeport,  the  other  pumping  sta- 
tion operated  for  the  disposal  of  the  sewage  of  the  city  of  Chicago. 
Taking,  for  example,  the  number  of  bacteria  per  cubic  centimeter  in  the 
water  at  these  places  during  November,  1899,  and  April,  1900,  our 
analyses  gave  the  following  figures : 


Nov.  7.  Nov.  15.  Nov.  21.  Nov.  2!».  .Vverai^e. 

llridgeport  4,700,000  1,960,000  3,920,000  315,000  2,497,000 

Averyville  550  1,100  1,200  2,800  1,640 

Aprils.  .Vpril  10.  April  17.  April  25.  Average. 

Bridgeport  5,300,000  3,725,000  11,200,000  3,925,000  6,037,500 

Averyville  28,000  17,000  5,500  1,850  13,087 


The  river  receives  great  quantities  of  polluting  matter  as  sewage 
and  other  refuse  from  the  cities  of  Peoria  and  Pekin,  and  the  numbers 
of  bacteria  again  very  greatly  increase,  followed  as  before  by  a notable 
decrease  further  down  stream.  Beardstown  is  56  miles  south  of  Pekin. 
A comparison  of  results  obtained  from  these  two  places  illustrates  again 
the  self-purification  of  the  flowing  water : 


Nov.  1.  Nov.  9.  Nov.  16.  Nov.  24.  .Average. 

rekin  2,780,000  170,000  145,000  95.000  797.500 

Beardstown  6,500  21,500  7,150  .35,200  17,590 

.Inly  6.  July  12.  July  19.  .Inly  20.  .Xvera.ge. 

I’ekin  38.500  555.000  370.000  220.000  295.875 

Beardstown  3,500  4,000  3,000  6.000  4,125 


'I'he  dates  vary  by  one  day  in  some  of  the.se  ca.ses  in  regard  to  one 
of  the  parts  of  the  couples  from  those  on  which  the  tests  were  made, 
but  this  does  not  affect  the  lesson  gathered  by  the  comparison.  The 
averages  in  the  last  set  of  figures  show  respectively  45  and  71  times  as 
many  bacteria  in  the  water  at  Pekin  as  at  Beardstown.  though  the  distance 
is  but  56  miles  and  the  time  required  for  the  water  to  flow  from  the  former 
to  the  latter  place  is  not  more  than  24  hours. 

The  kind  of  information  gained  from  the  figures  just  quoted  can 
be  much  more  satisfactorily  obtained  by  a study  of  the  graphic  presenta- 
tions in  plates  XX [ to  XXVIII,  inclusive.  These  cover  the  collections  made 
during  June,  July,  August  and  Sejitemher  of  the  years  1899  1900, 

the  corresponding  portion  of  the  two  years  upon  which  collections  were 
made.  I'he  data  upon  which  the  plates  are  constructed  come  from  the 
averages  of  all  the  counts  made  during  the  month  indicated  in  each  case. 
These  i)ar(icular  months  were  chosen  because  they  were  the  ones,  and 
the  only  ones,  during  which  the  work  was  in  progress  both  years  covered 
by  this  report,  and  the  comparative  annnal  studies  are  important  as  will 
be  shown  later.  'Hie  counts  for  other  months  of  the  year  would  have 
given  similar  exhibits  though  subject  to  seasonal  variations.  The  two 
plates  for  each  month  are  only  dilTerent  methtnls  of  presenting  to  the 
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eye  the  same  information;  but  those  with  connected,  oblique  lines  do  not 
reach  northward  or  np  stream  above  Ottawa,  because  of  the  difficulty  of 
representing-  the  larger  counts  on  a scale  suitable  for  the  smaller  ones. 
This  difficulty  is  met  in  ‘the  plates  with  vertical  lines  by  doubling  the 
long  ones  upon  themselves;  those  representing  the  counts  for  1899  being 
heavy  or  solid  and  those  for  1900  of  lighter  and  open  construction.  On 
these  plates  the  distances  in  miles  from  one  station  to  that  next  succeed- 
ing are  given  along  the  bottom. 

The  story  graphically  told  upon  the  plates  is  the  same  for  each  of 
the  four  months  for  either  year.  It  is  for  1899  heavy  or  whole 
lines):  (i)  the  enormous  initial  numbers  reiirescnted  by  the  long  lines 
reaching  two  to  four  times  the  vertical  width  of  the  plates,  (2)  the 
phenomenal  decrease  between  Morris  and  Ottawa  and  the  surprisingly 
low  showing  through  to  Averyville,  (3)  the  sudden  and  great  increase  at 
Wesley  City  and  Pekin,  and  (4)  the  marvelous  drop  at  Havana  and 
onward.  In  all  this  the  data  for  the  four  months  give  in  effect  the  same 
exhibit  in  all  of  the  cases;  though  September  stands  somewhat  by  itself. 
For  this  month,  Lockport,  Joliet,  Wesley  City  and  Pekin  have  much 
shorter  or  lower  lines  than  usual,  indicating  that  the  numbers  of  bacteria 
in  the  samples  taken  at  these  places  were  much  less  during  this  month 
than  usual  or  than  were  found  for  the  other  three  months.  In  this  con- 
nection the  following  figures,  showing  the  counts  for  these  places  from 
August  to  December,  1899,  inclusive,  are  of  interest: 

Lockport. 

111.  luul  .\I.  Canal  .loliet.  WcsU'v  City.  rekin. 


August  3.-J  1.1,0. Id  3,320,000  3.3.ir).000  1,928,000 

September  CtiO.tiOd  217,000  4S1.500  391,250 

October  1.3.')0,3T.1  1,145,000  2.373.750  1,047,500 

Xovember  5,s-_>.000  1,023.000  705.000  812,000 

December  740,250  1,020,250  20,000  09,000 


The  numbers  are  all  very  large.  The  variation  usually  is  not  more 
than  is  ordinarily  anticipated,  except  those  for  December  at  Wesley  City 
and  at  Pekin.  These,  compared  with  the  others  given  and  with  those 
usual  for  these  stations,  are  very  exceptional  and  must  have  some  special 
explanation.  Upon  the  latter,  however,  it  is  idle  to  speculate.  Let  it 
be  remembered  that  there  is  no  connection  between  the  first  two  sets  of 
figures  and  the  last  two  sets,  for  Joliet  and  W’esley  City  are  separated 
by  a long  line  of  the  waterway,  from  which  the  samples  show  very  low 
counts. 

The  main  lesson  in  this  respect  offered  by  the  tables  is  so  important 
that  another  set  of  figures  may  be  given  for  comparison  with  those  just 
presented.  The  Ottawa  station  is  48  miles  from  that  of  Joliet,  and  Avery- 
ville  is  74  miles  from  Ottawa.  Havana  is  33  miles  from  Pekin  and 
Kampsville  is  81  miles  from  Havana.  The  average  counts  for  these 


places  for  the  same  time  as  above  were  as  herewith  given : 

I 

Ottawa.  .\vor,vvllU'.  Havana.  Kami>svllle 

Augu.st  7.500  4.000  5.700  C>,200 

.Kept  ember  40,100  3.100  0.137  3,480 

\ October  33.050  3,770  12,430  1,717 

November  24,750  2.800  104,000  6,850 

December  201,700  9,300  301,300  28,850 


lOS 


From  Joliet  to  Ottawa  in  August  the  number  drops  from  3,220,000 
to  7,500  and  in  November  from  1,023,000  to  24.750.  From  Pekin  to 
Havana  in  August  the.  decrease  is  from  1,928,000  to  5»700,  and  in 
October  from  1,047,000  to  12,430.  In  general  the  figures  in  this  last 
set  are  decidedly  less  than  those  of  the  first  set.  And  let  it  be  noticed  those 
from  Averyville  are  less  than  those  from  Kampsville,  the  average  of  the 
former  being  4,614,  and  of  the  latter  9,420.  This  is  not  always  the  case, 
as  is  shown  by  the  graphical  plates,  but  the  fact  is  emphasized  that  the 
pollutions  of  the  headwaters  near  Chicago  have  ver_\-  largely  disappeared 
at  Averyville.  The  Kampsville  water  would  certainly  have  been  still 
better  but  for  the  new  contaminations  at  Peoria  and  Pekin. 

It  is  worth  while  to  ask  attention  to  the  results  indicated  on  these 
plates  concerning  the  relative  numbers  of  bacteria  in  the  water  of  the 
Illinois  river  at  its  mouth  and  the  Mississippi  river  before  it  receives 
the  Illinois.  Both  these  collecting  stations  are  marked  Grafton.  Appealing  to 
the  charts  with  connecting  oblique  lines,  XXI,  XXIII,  XX\’  and  XX\XI, 
it  is  seen  that  the  Mississippi  has  a slightly  less  number  for  June  of  both 
years,  and  the  same  is  true  for  July  both  years ; for  August  it  is  the  same 
for  1899,  but  the  reverse  for  1900,  while  for  September  the  relation 
stated  holds  for  1900,  but  in  1899  the  Illinois  has  fewer  bacteria.  In 
every  case  the  numbers  as  found  in  the  samples  from  West  Alton  on  the 
^Missouri  river  are  considerably  above  those  of  cither  the  Illinois  or  the 
Mississippi  at  Grafton.  The  zigzag  lines  of  the  plates  usually  tend  up- 
ward for  some  cause  to  Alton,  where  the  samples  were  taken  from  the 
mixed  waters  of  the  Mississijipi  and  the  Illinois  rivers  but  above  !he 
mouth  of  the  Missouri,  and  the  upward  slant  of  these  lines  from  Alton 
to  Mitchell  not  only  always  occurs,  but  is  considerable  for  each  month 
shown.  At  Mitchell  the  waters  of  the  Mississippi  and  Missouri  have 
become  mingled,  and  our  exhibit  is  based  upon  the  average  number  of 
bacteria  found  in  five  samples  taken  at  somewhat  equal  intervals  on  a 
line  across  the  combined  stream.  The  increase  in  number  of  bacteria 
from  Alton  to  Mitchell  is  apparantly  explained  by  the  greater  number  in 
the  Missouri,  as  shown  by  the  samples  from  West  Alton. 

For  the  sake  of  further  comparison  in  regard  to  the  waters  of  the 
Illinois  river  at  its  mouth  and  those  of  the  Missouri  at  West  Alton, 
it  may  be  well  to  bring  together  the  monthly  averages  for  the  entire  time 
over  which  this  report  extends.  For  1899  they  are  as  follows: 


.Iiine.  .Tilly.  .\iiKiist  S<‘)ii(‘nil>er.  Octoher.  Noveniln>r.  Dec. 

llIiiKiis  4,T.''i.'>  C.dC.S  l.Miu  70.^  TT.'I  7.200  40.3,"i0 

■Missoiii-i  20.0110  .42.700  24.100  10.400  2S..‘>00  loinOO 


I'or  1900  the  records,  when  averaged  for  each  month,  give  the  fol- 
lowing numhers: 

.Ian.  ^’el).  March.  .Vinll.  May.  .lime.  .Inly.  ,\ii^. 

Illinois  40,000  1!U..')00  l.'.r»..700  1 4..'..'.0  O.S.'.O  O.S.40  4,000  2,700 

Missouri  ....N4,00o  40,000  170,7.">o  77, 000  0ii,2oo  04,470  40,170  12.4,‘)0 

It  will  be  .seen  that  only  in  two  cases  are  the  numbers  greater 
for  the  Illinois  river — the  numbers  of  D'cember.  1841).  and  lanuarv, 

no 


Sept . 
5,270 
25.200 


IQOO.  Otherwise  the  counts  from  the  waters  of  the  Missouri  are  largely 
in  excess — from  twice  to  more  than  ten  times  those  from  the  Illinois. 
From  what  has  gone  before  it  is  plain  that  about  the  same  relation  holds 
between  the  number  of  bacteria  in  the  waters  of  the  Missouri  river  at 
West  Alton  and  those  of  the  Mississippi  at  Grafton. 

The  waters  of  the  tributaries  examined  do  not,  upon  the  whole,  show 
so  many  bacteria  per  cubic  centimeter  as  are  found  in  the  Illinois  river 
near  the  meeting  place  of  these  waters.  The  Kankakee  joins  the  Des- 
plaines  between  Joliet  and  Morris.  The  samples  taken  at  these  two  sta- 
tions proved  to  have  many  times  the  number  of  bacteria  of  those  from 
the  Kankakee  at  Wilmington.  This  is  not  unexpected,  for  the  waters  at 
the  former  places  are  very  highly  polluted.  From  the  Kankakee  from 
2,000  to  5,000  bacteria  per  cubic  centimeter  were  usually  found  during 
the  summer  months  and  from  25,000  to  100,000,  or  above,  from  the  Illi- 
nois at  Morris. 

Tlie  monthly  averages  for  June,  July  and  August  of  1899,  and  for 
January,  March  and  April,  1900  (no  collections  from  the  Fox  in  Febru- 
ary) from  the  Fox  and  Illinois  rivers  at  Ottawa  are  as  follows : 


.June.  .July.  August.  .January.  March.  April. 

Fox  11,000  3,070  4,560  12,275  84,160  49,250 

Illinois  20,550  9,300  7,500  256,250  116,750  68,500 


The  numbers  from  the  Big  Vermilion  and  the  Illinois  rivers  at  La 
Salle  show  essentially  the  same  proportions  as  the  above,  and  those  from 
the  Sangamon  at  Chandlersville  and  the  Illinois  at  Beardstown  are  not 
far  different, 

VARIATION  IN  NUMBERS  OF  BACTERIA  FOLLOWING  THE 

SEASONS. 

Any  inspection  of  the  figures  presented  must  quickly  make  evident 
that  the  numbers  of  bacteria  found  in  any  given  place  vary  greatly  accord- 
ing to  the  season  of  the  year.  This  is  more  pronounced  at  considerable 
distance  from  the  source  of  pollution,  and  is  readily  explained,  though 
at  first  it  might  be  thought  the  natural  tendency  would  be  directlv  oppo- 
site the  order  shown  in  these  studies.  Consult,  for  instance,  the  last 
column  in  tables  57,  58  and  59,  showing  results  from  Chandlersville, 
Beardstown  and  Kamp5\ille.  Ilere  the  largest  counts  are  for  the  winter 
months,  and  the  difference  is  very  great.  The  average  of  the  counts 
as  given  on  table  58  for  Beardstown  for  January,  Februarv  and  March, 
is  268,600,  while  for  June,  July.  August  and  September  it  is  8.IQ0. 
'fable  68,  occupying  four  pages,  shows  the  seasonal  variation  for  the 
Illinois  river  at  Grafton  in  a still  more  instructive  manner  with  the 
largest  numbers  when  the  temperature  of  the  water  is  the  lowest. 

What  causes  this  remarkaljle  difference?  If  we  turn  to  tables  i and 
40,  showing  the  numbers  of  bacteria  in  the  llliriois  and  Michigan  Canal 
at  Bridgeport,  no  such  variations  will  be  fouml.  At  Jackson  street, 
Joliet,  table  4,  the  ccJiiiits  average  for  June,  July.  August  and  September 
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2,459400,  for  November  and  December  the  average  is  1,067,500, 
showing  the  greater  numbers  when  the  water  temperatures  are  very  high. 
This  is  no  contradiction.  The  fact  is  the  numbers  of  bacteria  are  small 
during  warm  weather  .at  a distance  from  the  source  of  pollution  because 
the  numbers  are  then  large  at  this  source.  In  other  words,  the  ordinary 
purification  of  water  contaminated  with  organic,  fermentable  matter, 
is  largely  due  to  the  fermentive  action  of  the  bacteria  themselves,  and 
they  are  short  lived.  When  the  conditions  are  favorable  for  their  rapid 
multiplication  they  more  quickly  dis^wse  of  the  contaminating  matter, 
and  when  their  food  is  gone  they  perish.  Tlie  lower  waters  contain 
fewer  bacteria  in  warm  weather  because  the  organic  substances  are  de- 
stroyed in  the  upper  portions  of  the  stream  by  the  great  numbers  of 
bacteria  there  existing  and  working.  When,  however,  this  activity  is 
less  in  the  headwaters  the  fermentable  material  is  carried  farther  along  by 
the  current,  and  the  bacterial  development  similarly  extends  farther 
down  stream.  A barrel  full  of  rain  water  becomes  foul  sooner  in  warm 
weather,  but  it  also  then  purifies  itself  quicker.  Tlie  bacteria  multiply 
faster,  hence  become  more  numerous  for  a certain  length  of  time,  but 
they  subsequently  become  fewer  as  a direct  cause  of  this  early  develop- 
ment. 

COMPARATIVE  NUMBERS  OE  BACTERIA  IN  1899  AND  1900. 

The  chief  interest  in  this  comparison  lies  in  the  fact  that  the  Sanitary 
Canal  was  opened  in  the  early  part  of  the  latter  year.  What  effect  has 
the  larger  intake  of  water  from  the  lake  had  upon  the  bacterial  content  of 
the  stream  in  any  part  of  its  course?  We  have  just  seen  that  an  answer 
to  this  question  cannot  be  had  by  comparing  the  counts  of  diflferent  sea- 
sons of  the  year.  It  cannot,  indeed,  be  said  that  any  difference  noted 
for  the  same  season  in  different  years  is  due  to  any  one  cause,  or  in 
this  case  that  the  opening  of  the  canal  made  all  the  variation  observed 
between  the  results  of  the  corresponding  months  of  June,  July,  August 
and  September  of  these  two  years.  It  is,  however,  plainly  evident  from 
a study  of  the  figures  that  the  increased  volume  of  pure  water  had  a 
decided  influence  upon  the  1)acterial  counts  from  the  collecting  stations 
of  the  upper  part  of  the  stream.  Plates  XXII,  XXI\',  XXVI  and  XX\’II1 
bring  this  out  in  a striking  manner.  Tlic  solid  lines  for  Uick]')ort, 

Joliet  and  Morris  are  from  seven  to  75  times  as  long  as  the  open  lines 
(1900).  The  only  exception  is  for  September  at  Lockport.  when  the 
water  was  then  practically  stagnant  at  the  time  in  the  old  Illinois  and 
Michigan  Canal. 

I'rom  Ottawa  onward  the  influence  of  the  lake  water  is  not  so  ap- 
parent. Except  for  the  showing  at  Wesley  City  and  Pekin  it  cannot  be 
said  that  the  difference  between  the  two  years  as  shown  in  plates  XXI  to 
XXVTII  is  anything  beyond  what  might  easily  occur  without  aid  from 
man.  Neither  is  it  certain  that  the  difference  at  Wesley  City  and  Pekin  is 
])rincipally  due  to  the  ojicning  of  the  canal.  Some  changes  in  the  disposal 
of  the  wastes  from  the  distilleries  aiul  glucose  works  and  of  the  wash 
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from  the  cattle  sheds  might  easily  account  for  the  change,  pronounced  as 
it  is.  It  is,  however,  true  that  the  volume  of  water  passing  Peoria  was 
largely  greater  for  the  months  compared  in  1900.  Tlie  difference  in 
average  height  of  the  water  gauge  as  given  for  Avery ville,  tables  14  and 
53,  for  the  two  years  is  over  two  feet.  As  the  water  is  practically  pure 
at  this  point  during  the  summer,  the  sewage  of  Peoria  is  diluted  som.e- 
what  in  the  same  way  as  that  of  Chicago  in  the  Sanitary  Canal,  and  the 
tables  clearly  indicate  this  by  the  reported  number  of  bacteria  for  June, 
July  and  August.  This  leaves  unexplained,  however,  the  different  show- 
ing for  September.  Compare  the  heavy  and  open  lines  on  plates  XXVI  and 
XXVIII  for  Pekin.  The  cause  of  the  change  of  relation  here  shown  is  not 
apparent,  though  the  great  irregularities  in  the  counts  for  this  place 
render  it  not  surprising.  On  table  16  the  counts  for  September,  1899, 
are  40,000,  445,000,  570,000  and  510,000,  though  for  August  2d  and  9th 
they  are  3,635,000  and  3,073,300,  and  for  November  ist  and  9th  they  are 
2,100,000  and  2,780,000.  Table  55  shows  the  counts  for  September,  1900, 
to  be  1,320,000,  600,000,  47,500  and  2,280,000.  It  is  scarcely  worth 
while  to  try  to  look  for  any  rule  or  law  in  such  variations  as  these,  but 
a reasonable  explanation  lies  in  the  fact  that  the  pollution  all  comes  at 
Peoria  from  the  west  side  and  is  not  soon  below  uniformly  mixed  with 
the  waters  of  the  stream. 

If  there  is  any  effect  at  all  shown  at  Grafton,  which  is  very  doubt- 
ful, it  is  that  the  numbers  of  bacteria  are  slightly  greater  on  account  of 
the  increased  amount  of  water  in  the  river.  At  all  events  the  counts  from 
the  mouth  of  the  Illinois  were  larger  in  1900  than  they  were  in  1899,  as  is 
clearly  shown  in  plates  XXI,  XXIII,  XXV  and  XXVH.  It  is  to  be  noted, 
however,  that  the  same  is  true  for  the  Mississippi  River  at  Grafton,  ex- 
cept during  June,  as  is  shown  on  the  same  plates  by  position  of  the  little 
squares  (1900)  and  circles  (1899).  Surely  the  Sanitary  Canal  has 
nothing  to  do  with  the  bacteria  of  the  Mississippi  above  the  mouth  of  the 
Illinois. 

In  a word,  it  may  be  said  that  these  investigations  give  no  demon- 
stration of  any  change  in  the  bacterial  content  of  the  drainage  waters 
from  Chicago  traceable  to  the  opening  of  the  Sanitary  Canal,  except  as 
applied  to  the  stream  above  Ottawa.  This  refers,  however,  to  the  warm 
season  of  the  year.  In  the  winter  the  limiting  point  may  be  farther  down 
stream. 


BACILLUS  COLI-COMMUNIS. 

The  methods  used  for  the  identification  of  this  organism,  or  group 
of  organisms,  have  heretofore  been  given.  In  next  to  the  last  column  in 
tables  I to  80  inclusive,  the  results  for  all  the  samples  tested  have  been 
indicated  by  the  signs  -f-,  — , and  ?.  The  first  means  that  the  organism 
was  present,  the  second  that  it  was  absent,  and  the  third  that  the  test  wfis 
inconclusive. 

With  rare  exceptions  there  arc  no  negative  results  from  samples 
taken  above  ()ttawa.  l''rom  the  tests  at  Morris  in  1899  there  are  14  posi- 
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tive,  no  negative  and  2 questionable,  and  in  1900  there  are  23  positive, 
3 negative  and  ii  questionable  results.  Thus,  out  of  53  analyses 
there  were  only  two  samples  in  which  it  could  be  affirmed  the  bacillus 
was  absent.  At  Ottawa,  however,  a change  begins.  In  1899  the  samples 
from  the  Illinois  river  at  this  place  gave  10  positive,  7 negative  and 
I doubtful  tests,  and  in  1900  there  were  ii  of  the  first,  17  of  the 
second  and  5 of  the  third,  or  together  21  positive,  24  negative  and  6 
doubtful.  At  Henry  there  are  22,  30  and  5,  in  the  same  order;  and 
at  Avery ville,  the  count  shows  19,  21  and  2.  Then  at  Wesley  City  and 
Pekin  we  see  the  same  exhibit  as  at  Bridgeport  and  at  Lockport,  to 
change  again  at  Havana  in  such  manner  that  we  have  31,  12  and  14; 
at  Beardstown,  37,  18  and  3;  at  Kampsville,  35,  18  and  2,  and  from  the 
Illinois  at  Grafton,  31,  23  and  i. 

If  we  compare  with  this  the  Mississippi  at  Grafton  (above  the 
Illinois)  and  the  Missouri  at  West  Alton,  we  have; 


Illinois  31  23  1 

Mississippi  35  20  1 

Missouri  36  7 7 


As  will  be  seen,  the  organism  was  present  most  often  in  the  waters 
of  the  Missouri  river,  next  in  those  of  the  Illinois,  and  least  frequently 
in  those  of  the  Mississippi,  if  the  whole  time  of  the  investigation  is  con- 
sidered. The  first  seems  to  be  generally  true ; the  relation  of  the  second 
and  third  changes  at  times. 

An  attempt  is  made  to  present  graphically  the  results  of  the  investi- 
gation on  plate  XXX.  For  this  purpose  the  numbers  were  reduced  to  per 
cents  of  the  whole  number  of  tests  made  for  each  collecting  station.  The 
connecting  lines  show  the  results  for  1899  1900  separately  and  for 

the  two  years  combined.  It  was  not  deemed  important  to  include  the  sta- 
tions above  Joliet,  because  the  per  cent  in  almost  every  case  was  100. 

It  will  be  noticed  that  the  line  for  1899  begins  above  that  for  1900, 
but  drops  below  at  Henry  and  remains  below  to  Havana,  then  crosses 
again  at  Beardstown,  to  remain  above  to  Mitchell. 

Hie  explanation  of  this  to  Averyville  is,  no  doubt,  to  be  sought  in 
the  opening  of  the  Sanitary  Canal.  The  dilution  of  the  sewage  is 
eflfcctive  throughout  and  controls  everything  to  some  point  below  La 
Salle,  where  other  infiuences,  like  the  greater  current  and  the  better  con- 
ditions for  the  multiplication  of  this  particular  bacillus,  overcome  and 
make  the  showing  of  the  chart. 

'I'he  lines  of  the  plate  nowhere  descend  again  so  low  as  they  are  at 
Averyville.  From  this  point  on,  local  contaminations  keep  the  percentages 
high,  falling,  however,  from  Kampsville  to  Grafton,  then  rising  to 
Mitchell,  'riiis  last  seems  clearly  due  to  the  influence  of  the  Missouri, 
whose  waters  have,  as  has  just  been  shown,  a greater  proportional  num- 
ber of  the  organisms. 
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SPECIES  DETERMINATIONS. 


The  main  efforts  in  this  work  were  upon  the  matters  above  reported, 
though  considerable  attention  was  at  one  time  or  another  given  to  the 
identification  of  the  various  species  of  bacteria  procured  in  the  cultures. 
It  may  be  remarked  that  Bacillus  typhosus  was  not  recognized,  though  it 
is  presumable  that  it  was  sometimes  present  in  the  waters  examined.  One 
thing  was  plainly  evident,  viz.,  that  at  a station  like  Grafton,  considerably 
distant  from  a source  of  much  contamination,  the  colonies  of  bacteria 
grown  in  a plating  dish  were  of  much  fewer  species  than  were  those 
from  water  having  fresher  pollution.  There  had  been  a survival  of  the 
fittest,  and,  as  a rule,  only  those  best  adapted  to  the  changing  conditions, 
or  to  the  ultimate  ones,  survived.  It  would  be  contrary  to  all  information 
on  the  subject  to  include  theoretically  among  these  'any  of  the  principal 
bacteria  pathogenic  to  man. 

CONCLUSION. 

These  studies  in  detail  and  as  a whole  tend  strongly  to  show  that 
neither  before  nor  after  the  opening  of  the  Sanitary  Canal  had  the  drain- 
age waters  from  the  city  of  Chicago  for  the  period  covered  by  this  report 
any  appreciable  effeet  bacteriologically  upon  the  waters  of  the  Mississippi 
river.  Even  if  the  waters  of  the  Illinois  river  at  its  mouth  were  proved 
to  be  a source  of  contamination  to  those  of  the  Mississippi,  the  above 
statement  would  still  seem  to  hold  good,  because  of  the  conditions  shown 
to  exist  at  Averyville  and  Pekin.  It  is  still  more  clearly  apparent  that 
Chicago  sewage  cannot  be  held  responsible  for  the  contaminations  exist- 
ing in  the  commingled  waters  of  the  Mississippi  and  Missouri  Rivers. 

T.  J.  BURRILL. 

Professor  of  Botany  in  Qiarge  of  Bacteriology,  University  of  Illinois. 


119 


APPENDIX 


121 


ERRATA. 


Table  120. 

Serial  No.  1301;  Jan.  28,  No.  Bacteria  per  cc.  for  540,000' read  340,000. 
Serial  No.  1397;  Feb.  19,  Temperature  of  Air  for  o.  read  — .5. 

Serial  No.  1673;  April  16,  Temperature  of  Air  for  16.  read  17. 

Serial  No.  1712;  April  23.  Temperature  of  Air  for  13.  read  15. 

Table  121. 

Serial  No.  1563;  March  26,  Temperature  of  Water  for  — 5.  read  — .5. 

Table  122. 

Serial  No.  1598;  April  2,  Albuminoid  Am.  Dissol’d  for  .364  read  .264. 

Table  123. 

Serial  No.  1788;  May  8,  Temperature  of  Water  for  16.5  read  15.5. 

Serial  No.  1896;  May  30,  Albuminoid  Am.  Susp’d  for  .08  read  .04. 

Table  126. 

Serial  No.  1306;  Jan.  29,  Temperature  of  Water  for  2.  read  — 2. 

Serial  No.  1306;  Jan.  29,  Temperature  of  Air  for  8.  read  — 8. 

Serial  No.  1399;  Feb.  19,  Temperature  of  Water  for  i.  read  — i. 

Serial  No.  1674;  April  16,  Chlorine  for  2.2  read  3.2. 

Serial  No.  1751;  April  30,  Res.  on  Evap.  Suspend’d  for  4.  read  7. 

Table  127. 

Serial  No.  1338;  Feb.  5,  Chlorine  for  15.  read  25. 

Serial  No.  1758;  April  30,  Color  for  .14  read  .4. 

Serial  No.  1822;  May  15,  Nitrogen  as  Nitrates  for  .4  read  .41. 

Table  128. 

Serial  No.  1681;  April  17,  Albuminoid  Am.  Suspend’d  for  .189  read  .184. 

Table  129. 

Serial  No.  1250;  Jan.  18,  Temperature  of  Water  for  2.  read  3. 

Serial  No.  1490;  March  12,  Albuminoid  Am.  Suspeii’d  W .032  read  .232. 
Serial  No.  1604;  April  3,  Oxygen  Consumed  by  Dis’d  for  0.8  read  6.8. 
Serial  No.  1791 ; May  8,  Nitrogen  as  Nitrites  for  .8  read  .18. 

Table  131. 

Serial  No.  1969;  June  12,  No.  Bacteria  per  cc.  for  3,900  read  9,900. 
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Table  132. 

Serial  No.  1726;  April  24,  Residue  on  E\;ap.  Total  for  344  read  394. 

Table  133. 

Serial  No.  1401;  Feb.  19,  Temperature  of  Air  for  12.  read  — 12. 
Serial  No.  1433;  Feb.  26,  Temperature  of  Air  for  13.  read  — 13. 
Serial  No.  1456;  March  5,  Temperature  of  Air  for  ii.  read  — ii. 
Serial  No.  1562;  March  26,  Temperature  of  Air  for  .3  read  3. 

Table  134. 

Serial  No.  1275;  Jan.  23,  Nitrogen  as  Nitrites  for  .1  read  — 

Table  135. 

Serial  No.  1974;  June  13,  Color  for  .3  read  .2. 

Table  137. 

Serial  No.  1314;  Jan.  30,  No.  Bacteria  per  cc.  for  63,000  read  63,400. 
Serial  No.  1971 ; June  13,  Nitrogen  as  Nitrates  for  .06  read  .6. 
Serial  No.  1971;  June  13,  Temperature  of  Air  for  33.  read  23. 

Table  138. 

Serial  No.  1384;  Feb.  14,  Oxygen  Consumed,  Total  for  5,  read  2.5. 
Serial  No.  1731 ; April  25,  Res.  on  Evap.  Dissol’d  for  274.  read  276. 
Serial  No.  1945;  June  6,  Albuminoid  Am.  Susp’d  for  .224  read  .244. 

Table  139. 

Serial  No.  1428;  Feb.  22,  Nitrogen  as  Nitrates  for  1.15  read  1.65. 
Serial  No.  1440;  March  i,  Albuminoid  Am.  Diss’d  for  .252  read  .232. 

Table  140. 

Serial  No.  1354;  Feb.  7,  Free  Ammonia  for  1.8  read  1.54. 

Serial  No.  1354;  Feb.  7,  Albuminoid  Am.  Total  for  .154  read  .432. 
Serial  No.  1354;  Feb.  7,  Albuminoid  Am.  Diss’d  for  .432  read  .216. 

Table  142. 

Serial  No.  1188;  Jan.  4,  Chlorine  for  6.27  read  3.1. 

Serial  No.  1218;  Jan.  10,  Chlorine  for  4.67  read  2.3. 

Table  143. 

Serial  No.  1277;  Jan.  24,  Temperature  of  Air  for  10.  read  — . 

Serial  No.  1348;  Feb.  7,  Temperature  of  Air  for  10.  read  — . 

Serial  No.  1441;  March  2,  Height  of  Water  for  3.4  read  3. 

Serial  No.  1503;  March  14,  Nitrogen  as  Nitrites  for  .018  read  .01. 
Serial  No.  1539:  March  21,  Res.  on  Evap.  Susp’d  for  839.  read  837. 
Serial  No.  1773;  May  2,  Chlorine  for  0.8  read  6.8. 

Table  144. 

Serial  No.  1278;  Jan.  24,  Res.  on  Evap.  Susp’d  for  328.  read  238. 
Serial  No.  1420;  Feb.  21,  Height  of  Water  for  5.5  read  5.08. 

Serial  No.  1432;  March  2,  Height  of  Water  for  3.4  read  3.04. 
Serial  No.  1466,  March  9,  Albuminoid  .‘\m.  Total  for  .056  read  .656. 
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Table  145. 

Serial  No.  1184;  Jan.  4,  Albuminoid  Am.  Siisp’d  for  .096  read  .094. 

Table  146. 

Serial  No.  1422;  Feb.  22,  Res.  on  Evap.  Total  for  620.  read  420. 

Serial  No.  1422;  Feb.  22,  Res.  on  Evap.  Susp’d  for  466.  read  266. 

Serial  No.  1422;  Feb.  22,  Height  of  Water  for  5.5  read  5.08. 

Serial  No.  1444:  March  i,  Height  of  Water  for  3.4  read  3.04. 

Table  147. 

Serial  No.  1186;  Jan.  4,  Res.  on  Evap.  Total  for  216.  read  266. 

Serial  No.  1325;  Feb.  2,  Nitrogen  as  Nitrates  for  .7  read  .9. 

Serial  No.  1423;  Feb.  22,  Height  of  Water  for  5.5  read  5.08. 

Serial  No.  1445;  March  2,  Height  of  Water  for  3.4  read  3.04. 

Table  148. 

Serial  No.  1359;  Feb.  8,  Height  of  Water  for  2.7  read  2.4. 

Serial  No.  1700;  April  19,  Albuminoid  Am.  Susp’d  for  .154  read  .104. 

Table  149. 

Serial  No.  1360;  Feb.  8,  Height  of  Water  for  2.7  read  2.4. 

Table  150. 

Serial  No.  1361;  Feb.  8,  Height  of  Water  for  2.7  read  2.4. 

Serial  No.  1658;  April  12,  Albuminoid  Am.  Total  for  .848  read  .846. 
Serial  No.  1658;  April  12,  Albuminoid  Am.  Susp’d  for  .664  read  .662. 

Table  151. 

Serial  No.  1362;  Feb.  8,  Height  of  Water  for  2.7  read  2.4. 

Serial  No.  1918;  May  31,  Oxygen  Cons’d  by  Diss’d  for  9.8  read  3.8. 
Serial  No.  1951;  June  7,  Albuminoid  Am.  Total  for  .63  read  .68. 
Serial  No.  1951;  June  7,  Albuminoid  Am.  Susp’d  for  .57  read  .56. 

Table  152. 

Serial  No.  1263;  Jan.  18,  Temperature  of  Water  for  i.  read  4. 

Serial  No.  1766;  May  i,  Albuminoid  Am.  Diss’d  for  .166  read  .176. 
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SANITARY  DISTRICT  OF  CHICAGO 

TABULATION  FOR  THE  YEAR  1900 

Of  the  average  daily  and  weekly  rate  of  flow,  in  cubic  feet  per  minute,  through  the 
Illinois  and  Michigan  Canal;  through  the  Main  Drainage  Channel;  through 
the  Chicago  River;  through  the  Desplaines  River  at  Riverside; 
through  the  Desplaines  River  at  Joliet. 
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229337 
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179233 
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210293 
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17567 

253465 

225209 
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1980 
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AVERAGE  DAILY  AND  WEEKLY  RATE  OF  FLOW— Continued. 


1. 


4,  Sunday  43333 

5,  Monday  45100 

6,  Tuesday  44433 

7,  Wednesday  43207 

S,  Thursday  57067 

9,  Friday  51333 

10,  Saturday  40707 


325900 

(6)  Weekly  average  46567 


11,  Sunday  41433 

12,  Monday  389CT 

13,  Tuesday  41100 

14,  Wednesday  33533 

15,  Thursday  27600 

16,  Friday  28167 

17,  Saturday  36467 


247267 

(7)  Weekly  average  35324 


18,  Sunday  38967 

19,  Monday  37667 

20,  Tuesday  35500 

21,  Wednesday  37167 

22,  Thursday  37900 

23,  Friday  28100 

24,  Saturday  41467 


256768 

(8)  Weekly  average  36681 


25,  Sunday  43633 

26,  Monday  37300 

27,  Tuesday  35167 

28,  Wednesday  28767 

March  1,  Thursday  21467 

2,  Friday  28700 

3,  Saturday  40400 


235434 

(9)  Weekly  average  33633 


4,  Sunday  37167 

5,  Monday  38233 

6,  Tuesday  45700 

7,  Wednesday  44000 

8,  Thursday  40033 

9,  Friday  37200 

10,  Saturday  41833 

284166 

(10)  Weekly  average  40595 


11,  Sunday  19733 

12,  Monday  50800 

13,  Tuesday  16833 

14,  Wednesday  46067 

15,  Thur.sday  43267 

16,  Friday  42167 

17,  Saturday  40367 


319234 

(11)  Weekly  average  45605 


18,  Sunday  31900 

19,  Monday  31333 

20,  Tuesday  32000 

21,  Wednesday  38967 

22,  Thursday  .37933 

23,  Friday  .39000 

24,  Saturday  3833.3 

252466 

(12)  Weekly  average  36067 


25,  Sunday  34533 

26,  Monday  40733 

27,  Tuesday  34200 

28,  AVednesday  37900 

29,  Thursday  3.89,33 

30,  Friday  24367 

31,  Saturday  (0) 


210666 

(13)  Weekly  average  30095 
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C. 

R. 

J. 
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46680 
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141927 
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221007 
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266730 
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616797 

941697 

508440 

1450137 

87971 

134528 

72634 
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168192 

60000 
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147121 

186088 

97380 

283468 

162766 

203866 

73590 

277456 

186821 

' 220354 
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278914 

2U542 

239142 

40800 

279942 

149431 

177598 

28440 

206038 

116194 

152661 

21300 

173961 

1100634 

1317901 

380070 

1727971 

157233 

192557 

64296 

246853 

201123 

240090 

17040 

257130 

200867 

238534 

14880 

253414 

197332 

232832 

14880 

247712 

201329 

238496 

14880 

253376 

253544 

291444 

14880 

306324 

180356 

208456 

14880 

223336 

124531 

165998 

14880 

180878 

1359082 

1615850 

106320 

1722170 

194155 

230836 

15188 

246024 

181839 

225472 

14880 

240352 

148271 

185571 

14880 

200451 

107675 

142842 

14880 

157722 

75966 

104733 

14880 

119613 

73333 

91800 

14880 

109680 

105126 

133825 

14880 

1487135 

128671 

169071 

14880 

183951 

820880 

1056314 

104160 

1160474 

117269 

150902 

14880 

166782 

140917 

178084 

13080 

191164 

128577 

166810 

12180 

178990 

128444 

174144 

12180 

186324 

161869 

205.869 

14880 

220749 

159031 

199064 

17040 

216104 

162611 

199711 

18300 

218011 

lffi421 

207254 

19800 

227054 

1046770 

1330936 

107460 

1438396 

149539 

190134 

15351 

206485 

144340 

194073 

140100 

334173 

116371 

167171 

192870 

360041 

84517 

131360 

292350 

423700 

66725 

112792 

276820 

388612 

79239 

122506 

215580 

338086 

112114 

164281 

159360 

313641 

138035 

178402 

120960 

299362 

741341 

1060575 

1397040 

2457615 

105906 

151511 

199577 

351088 

158802 

190702 

112740 

303442 

159696 

194029 

92580 

286609 

161988 

193988 

88200 

282188 

163596 

202663 

92580 

295143 

154212 

192145 

74700 

266845 

139488 

178488 

32220 

210708 

75869 

114202 

64440 

178642 

1013661 

1266117 

557460 

1823577 

144807 

180874 

79637 

260511 

75640 

110173 

131820 

241993 

87085 

127818 

146160 

278978 

102523 

136723 

159360 

296082 

98506 

136406 

153260 

289666 

156940 

19.5873 

129120 

324993 

142190 

166657 

70740 

237297 

132219 

132219 

58560 

190779 

795103 

1005769 

849020 

18.')1788 

113586 

143681 

1212.';9 

261970 

12S 


AVERAGE  DAILY  AND  WEEKLY  RATE  OF  FLOW— Continued. 


I. 


Apr.  1,  Sunday  20900 

2,  Monday  37866 

3,  Tuesday  35800 

4,  Wednesday  37533 

5,  Thursday  37867 

6,  Friday  32033 

7,  Saturday  24967 


23.5966 

(14)  Weekly  average  33709 


8,  Sunday  22667 

9,  Monday  21000 

10,  Tuesday  21000 

11,  Wednesday  25767 

12,  Thursday  40400 

13,  Friday  32600 

14,  Saturday  32C33 


195467 

(15)  Weekly  average  27924 


15,  Sunday  27700 

16,  Monday  39667 

17,  Tuesday  44000 

18,  Wednesday  44367 

19,  Thursday  37933 

20,  Friday  33233 

21,  Saturday  33700 

260600 

(16)  Weekly  average  37228 


22,  Sunday  27300 

23,  Monday  32433 

24,  Tuesday  29633 

25,  Wednesday  28433 

26,  Thursday  '26100 

27,  Friday  22600 

28,  Saturday  22200 


188699 

(17)  Weekly  average  26957 


29,  Sunday  28333 

30,  Monday  38567 

May  1,  Tuesday  34500 

2,  Wednesday  42967 

3,  Thursday  41533 

4,  Friday  39333 

5,  Saturday  39667 


264900 

(18)  Weekly  average  37843 


6,  Sunday  35200 

7,  Monday  34067 

8,  Tuesday  39333 

9,  Wednesday  40733 

10,  Thursday  34567 

11,  Friday  32767 

12,  Saturday  32633 


249300 

(19)  Weekiy  average  35614 


13,  Sunday  28433 

14,  Monday  26167 

15,  Tuesday  28167 

16,  Wednesday  32967 

17,  Thursday  35833 

18,  Friday  24700 

19,  Saturday  24433 

200700 

(20)  Weekly  average  28672 


20,  Sunday  23167 

21,  Monday  21233 

22,  Tuesday  19733 

23,  Wednesday  19267 

24,  Thursday  19500 

25,  Friday  184.33 

26,  Saturday  19267 

140600 

(21)  Weekly  average  200S6 


L. 

C. 

R. 

J. 

103054 

132954 

58560 

191514 

109310 

147176 

58560 

205736 

124448 

160248 

61440 

221683 

126400 

163933 

58560 

222193 

118800 

156667 

51360 

208027 

153479 

185512 

40S00 

226312 

212588 

237556 

34800 

272355 

948079 

1184045 

364080 

1548125 

135440 

169149 

62012 

221161 

225688 

248355 

27240 

275595 

231621 

252621 

22800 

275421 

168150 

189150 

17040 

206190 

109033 

134800 

13080 

147880 

223323 

263723 

11040 

274763 

225900 

258500 

11040 

269540 

168606 

200639 

11040 

211679 

1352321 

1547788 

113280 

1661068 

193189 

221113' 

16183 

237296 

141471 

169171 

11040 

480211 

141627 

181294 

11040 

192334 

94363 

138363 

13080 

151443 

94496 

138863 

19800 

158663 

182763 

220696 

47760 

268456 

147621 

180854 

36300 

217154 

140067 

173767 

29640  ■ 

203407 

942408 

1203008 

168660 

1371668 

134630 

171858 

24094 

195952 

192048 

219348 

25080 

244428 

175069 

207502 

18300 

225802 

226250 

255883 

14880 

270763 

227883 

256316 

13980 

270296 

230681 

256781 

12180 

268961 

226869 

249469 

9840 

259309 

117606 

139806 

6660 

146466 

1396406 

1585105 

100920 

1686025 

199487 

226444 

14417 

240861 

66316 

94649 

5340 

999,89 

203792 

242359 

4380 

246739 

181096 

216596 

3960 

219-556 

84421 

127388 

3960 

131348 

145242 

186775 

3720 

190495 

168375 

207708 

3000 

210708 

180413 

220080 

2640 

222720 

1029655 

1294665 

27000 

1321555 

147093 

184936 

3857 

188793 

205498 

240698 

2640 

243338 

222427 

256494 

2640 

259134 

176381 

215714 

8850 

224364 

111046 

151779 

18420 

170199 

188527 

223094 

12180 

235274 

193981 

226748 

6660 

233408 

232131 

264764 

6660 

271424 

1329991 

1579291 

58(«0 

1637341 

189999 

225613 

8293 

233906 

233127 

261560 

5340 

266900 

213100 

239267 

4620 

243887 

220517 

248684 

3300 

251984 

205544 

238511 

1920 

240431 

144252 

180085 

1320 

181405 

126242 

149942 

360 

150302 

89008 

113441 

360 

113801 

1230790 

1431490 

17220 

1448710 

175827 

20-1499 

2460 

206959 

99144 

122311 

720 

123031 

21254-4 

233777 

720 

234497 

249867 

269600 

720 

270320 

240102 

259369 

540 

259909 

235671 

255171 

540 

255711 

250554 

268987 

240 

269227 

253910 

273177 

60 

273237 

1541792 

1682392 

3540 

1685932 

220256 

240342 

506 

240848 
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AVKKAUl':  i>AlLY  AND  WEKKLY  KATK  OF  FLOW— Continued. 


1. 

L. 

C. 

R. 

J- 

May  27,  Sunday  

261448 

281215 

0 

281215 

28,  Monday  

145433 

166366 

0 

166366 

29,  Tuesday  

265844 

286877 

80 

286937 

30,  Wednesday  

20300 

231069 

251368 

60 

251429 

31,  Thursday  

237827 

258094 

0 

258094 

June  1,  Friday  

206560 

228017 

0 

228017 

2,  Saturday  

242467 

263200 

0 

263200 

144500 

1590638 

1736138 

120 

1735258 

(22)  Weekly  average 

20643 

227234 

247877 

17 

247894 

3,  Sunday  

20200 

249260 

269460 

0 

269460 

4,  Monday  

241475 

259175 

0 

259175 

6,  Tuesday  

17933 

250646 

268579 

0 

268579 

1 6,  Wednesday  

201088 

222521 

1320 

223841 

7,  Thursday  

25500 

170825 

196325 

8850 

205175 

8,  F’rlday  

26400 

157029 

183429 

12960 

196389 

9,  Saturday  

27300 

154396 

181696 

7320 

189016 

156466 

1424719 

1581186 

30450 

1611635 

(23)  Weekly  average  

22352 

203531 

225883 

4350 

230233 

10,  Sunday  

27000 

162954 

189954 

8640 

198594 

11,  Monday  

24967 

164571 

189538 

5340 

194878 

12,  Tuesday  

129329 

154296 

2640 

156336 

13,  AVednesday  

120719 

151252 

1320 

152572 

14,  Thursday  

119279 

148046 

720 

148766 

15,  Friday  

27900 

157941 

185841 

720 

186561 

16,  Saturday  

24300 

287381 

311681 

640 

312221 

188434 

1142174 

1330608 

19920 

1350528 

(24)  Weekly  average  

163168 

190087 

2846 

192933 

17,  Sunday  

250433 

271900 

360 

272260 

, 18,  Monday  

109608 

188475 

360 

188835 

: 19,  Tuesday  

159346 

180813 

240 

181053 

20,  Wednesday  

17500 

163110 

180610 

60 

1S0670 

21,  Thursday  

160248 

185315 

60 

185375 

22,  FTlday  

213458 

233158 

60 

233218 

23,  Saturday  

249454 

264021 

60 

264081 

138635 

13K657 

1504292 

1200 

1505492 

, (26)  AA'^eekly  average  

19806 

195094 

214899 

171 

215070 

24,  Sunday  

251833 

275533 

60 

275593 

25,  Monday  

238083 

261750 

0 

261750 

26,  Tuesday  

24167 

205644 

229811 

0 

229811 

27,  AVednesday  

198083 

22278.J 

0 

222783 

, 28,  Thursday  

23933 

190850 

214783 

0 

214783 

29,  F'rlday  

198973 

223140 

0 

223140 

30,  Saturday  

25567 

141223 

166790 

0 

166790 

169901 

1424689 

1594590 

60 

1594670 

(26)  AVeekly  average  

203527 

227799 

8 

227807 

July  1,  Sunday  

184648 

207748 

0 

207748 

2,  Monday  

202896 

220229 

0 

220229 

3,  Tuesday  

200546 

218646 

0 

218646 

4,  AV'^cdnesday  

199025 

216992 

0 

216992 

5,  Thursday  

205308 

22010S 

0 

220108 

6,  Friday  

205019 

226986 

0 

226986 

7,  Saturday  

200629 

231129 

0 

231129 

143767 

1398071 

1541838 

0 

1541838 

(27)  AA'eekly  average  

199725 

220263 

0 

220253 

8,  Sunday  

190727 

221527 

60 

221587 

9,  Monday  

31400 

197927 

229327 

240 

229567 

10,  Tuesday  

213640 

244740 

360 

245100 

11,  AVednesday  

205915 

234948 

360 

235308 

12,  Thursday  

205290 

235490 

240 

235730 

13,  I'Tiday  

130931 

163231 

60 

163291 

14,  Saturday  

33200 

200256 

233456 

0 

233456 

218033 

1344686 

1562'a9 

1320 

1564039 

(28)  AVeekly  average  

31148 

192098 

223246 

188 

223434 

15,  Sunday  

189883 

221283 

0 

221283 

16,  Monday  

201550 

231783 

0 

231783 

17,  Tuesday  

211560 

240293 

360 

240653 

18,  AVednesday  

29333 

206975 

236308 

360 

23666S 

19,  Thursday  

30500 

206252 

236752 

360 

237112 

20,  Friday  

208146 

237746 

360 

238106 

21,  Saturday  

27300 

209871 

237171 

360 

237.731 

207009 

1434237 

1641336 

1800 

1643136 

(29)  AVeekly  average  

29586 

204891 

234477 

257 

234734 
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AVERAGE  DAILY  AND  WEEKLY  RATE  OF  FLOW— Continued. 


I. 


July  22,  Sunday  26400 

23,  Monday  24700 

24,  Tuesday  23467 

25,  Wednesday  23M0 

26,  Thursday  24700 

27,  Friday  22233 

28,  Saturday  219^ 


166633 

(30)  Weekly  average  23806 


29,  Sunday  21733 

30,  Monday  21200 

31,  Tuesday  21700 

Aug.  1,  W^ednesday  21233 

2,  Thursday  21000 

3,  Friday  21000 

4,  Saturday  20466 


148332 

(31)  Weekly  average  21190 


5,  Sunday  19733 

6,  Monday  19733 

7,  Tuesday  19733 

8,  Wednesday  18167 

9,  Thursday  21200 

10,  Friday  22667 

11,  Saturday  25033 


14^ 

(32)  W'^eekly  average  20895 


12,  Sunday  21500 

13,  Monday  18567 

14,  Tuesday  22467 

15,  Wednesday  27600 

16,  Thursday  24433 

17,  Friday  24200 

18,  Saturday  25500 


164267 

(33)  Weekly  average  23467 


19,  Sunday  24500 

20,  Monday  26133 

21,  Tuesday  25833 

22,  Wednesday  2M0O 

23,  Thursday  26700 

24,  Friday  27000 

26,  Saturday  27000 


183566 

(34)  Weekly  average  26224 


26,  Sunday  26400 

27,  Monday  26700 

28,  Tuesday  26400 

29,  Wednesday  26400 

30,  Thursday  26400 

31,  Friday  25533 

Sept.  1,  Saturday  25500 


183333 

(35)  Weekly  average  26190 


2,  Sunday  ‘ 25500 

3,  Monday  24967 

4,  Tuesday  25933 

5,  Wednesday  27300 

6,  Thursday  25933 

■ 7,  Friday  28733 

8,  Saturday  28167 


186533 

(36)  Weekly  average  26648 


9,  Sunday  27300 

10,  Monday  26667 

11,  Tuesday  28167 

12,  Wednesday  23333 

13,  Thursday  26100 

14,  Friday  27000 

15,  Saturday  27000 


185467 

(37)  Weekly  average  26495 


L. 

C. 

R. 

J. 

200935 

227335 

720 

228055 

123265 

147955 

540 

148495 

192008 

2L5475 

540 

216015 

178331 

201531 

1680 

203211 

195765 

220455 

3960 

224416 

237198 

259431 

3300 

262731 

226275 

248208 

3300 

251508 

1353757 

1520390 

14040 

1534430 

193394 

217199 

2005 

219204 

306536 

328269 

2340 

330609 

228425 

249625 

1920 

251545 

241156 

262855 

1920 

264776 

207880 

229113 

1680 

230793 

240850 

261850 

1320 

263170 

194119 

215119 

1080 

216199 

237785 

268251 

720 

258971 

1656750 

1805082 

10980 

1816062 

236679 

257869 

1568 

259437 

231208 

250941 

720 

251661 

231096 

250829 

720 

251549 

223982 

243715 

720 

244435 

210927 

229094 

720 

229814 

230473 

261673 

720 

252393 

224427 

247094 

720 

247814 

220169 

245202 

540 

245742 

1572282 

1718548 

4860 

1723408 

224612 

245507 

694 

246201 

227357 

248867 

540 

249397 

236244 

^811 

720 

255531 

184307 

206774 

1920 

208694 

222592 

250192 

1320 

251512 

234198 

258631 

2640 

261271 

224592 

248792 

3000 

251792 

235450 

260950 

3720 

264670 

1564740 

1729007 

1286(> 

1741867 

223534 

247001 

1837 

248838 

129400 

153900 

5340 

159240 

190541 

216674 

6660 

223334 

143017 

168850 

6420 

175270 

203079 

229479 

5700 

235179 

202686 

229386 

6330 

235716 

91113 

118113 

9240 

127363 

210832 

237832 

12060 

249892 

1170668 

1354234 

51750 

1405984 

167238 

193462 

7393 

200855 

232565 

258955 

39630 

298595 

177879 

204579 

66130 

270709 

2640SC 

290486 

84780 

875266 

260223 

286623 

77220 

363843 

262398 

288798 

62700 

351498 

266485 

292018 

58740 

3507.58 

265900 

291400 

56400 

347800 

1729536 

1912869 

445600 

2358469 

247077 

273267 

63657 

336924 

252456 

277956 

45960 

323916 

243612 

268579 

39300 

307879 

125442 

151375 

33420 

184795 

121229 

148529 

28440 

176969 

82346 

108279 

23940 

132219 

47725 

76458 

21300 

97758 

68665 

96832 

18300 

115132 

941475 

1128008 

210660 

13386-.8 

134496 

161144 

30094 

191238 

165942 

193242 

15840 

209082 

71558 

98225 

13980 

112205 

64819 

92986 

12180 

105166 

57927 

81160 

11840 

93000 

61302 

87402 

9360 

96762 

107181 

134181 

8160 

142341 

295962 

322962 

7080 

330042 

824691 

1010158 

78440 

1088598 

117813 

144308 

11206 

155514 
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AVERAGE  DAILY  AND  WEEKLY  RATE  OF  FLOW— Concluded. 


Sept.  16,  Sunday  

I. 

....  25500 

L. 

240781 

C. 

266281 

R. 

6420 

.1. 

272701 

17,  Monday  

1863 

28530 

57(X) 

34230 

18,  Tuesday  

5375 

28342 

5040 

33382 

19,  Wednesday  

....  23167 

7129 

30296 

4380 

34676 

20,  Thursday  

6069 

32169 

3960 

36129 

21,  Friday  

31316 

57116 

3720 

6083B 

22,  Saturday  

....  23700 

94832 

118532 

3300 

121832 

(38)  Weekly  average  .. 

173901 
....  24843 

387365 

55338 

561266 

80181 

32520 

4646 

593786 

S4S27 

23,  Sunday  

....  23200 

113663 

136863 

2640 

139503 

24,  Monday  

243056 

268389 

2640 

271029 

25,  Tuesday  

....  26400 

207265 

233665 

2640 

236306 

26,  Wednesday  

....  25800 

326791 

352591 

2640 

365231 

27,  Thursday  

199640 

224607 

2340 

226947 

28,  Friday  

194238 

220971 

2120 

223091 

29,  Saturday  

188071 

216271 

2120 

21S391 

180633 

1472724 

1653357 

17140 

1670497 

(39)  Weekly  average  .. 

210389 

236194 

2448 

238642 

30,  Sunday  

260363 

287663 

1680 

289343 

Oct.  1,  Monday  

257307 

283107 

1320 

281427 

2,  Tuesday  

, . . . 26100 

260763 

286863 

1320 

288183 

3,  Wednesday  

....  25500 

262381 

287881 

1320 

289201 

4,  Thursday  

259600 

285400 

1320 

286720 

5,  Friday  

258869 

285869 

1320 

287189 

6,  Saturday  

....  27000 

260198 

287198 

1320 

28.8518 

(40)  Weekly  average  .. 

184500 

1819481 

259926 

2003981 

286283 

9600 

1371 

2013581 

287654 

7,  Sunday  

. . . . 26100 

263025 

289125 

1320 

290446 

8,  Monday  

....  25533 

269436 

294969 

1320 

296289 

9,  Tuesday  

....  23167 

231593 

254760 

1320 

256080 

10,  Wednesday  

. . . . . . . 

...  22667 

106391 

12905,8 

1320 

130378 

11,  Thursday  

183073 

206006 

1320 

207326 

12,  Friday  

147767 

170700 

1320 

172020 

13,  Saturday  

. . . . 22667 

150940 

173607 

1320 

174927 

(41)  Weekly  average  .. 

166000 

1352225 

193175 

1518225 

216889 

9240 

1320 

1527465 

218200 

14,  Sunday  

, . . . 22667 

218669 

241336 

1320 

242666 

15,  Monday  

....  23433 

216725 

240159 

1320 

241479 

16,  Tuesday  

, . . . 21967 

189405 

211372 

1320 

212692 

17,  Wednesday  

• « • . • • < 

...  23433 

187373 

210806 

1320 

212126 

18,  Thursday  

...  23433 

179419 

202852 

1320 

204172 

19,  Friday  

183173 

206373 

1320 

207693 

20,  Saturday  

...  23433 

1815S2 

205015 

1320 

206333 

(42)  Weekly  average  .. 

» 

161566 
...  23081 

1356347 

193761 

1517913 

216S45 

9240 

1320 

1527153 

218165 

21,  Suntlav  

221129 

244562 

1320 

245882 

22,  Mond.ay  

...  23433 

183142 

206575 

1320 

207895 

23,  Tuesday  

183592 

207259 

1320 

208579 

24,  Wednesday  

182286 

207319 

1320 

208639 

25,  Thursday  

1.81712 

205879 

1320 

207199 

26,  Friday  

. . . 24200 

180387 

204587 

1320 

205907 

27,  Saturday  

181021 

204454 

1320 

205774 

(43)  Weekly  average  .. 

t 

167366 

1313269 

187610 

1480625 

2U519 

9240 

1320 

1489875 

212839 

TABLE  I. 


(Illinois  and  Michigan  Canal,  Lockport.) 


Serial  Date. 

.00001  c.c. 

.0001 C 

.C. 

.001  c 

.C. 

Number.  1899. 

+ 

— 

9 

+ 

— 

9 

+ 

— 

9 

626 

Aug.  29 

876 

Oct.  31 

I 

0 

2 

0 

914 

Nov.  7 

0 

4 

1 

0 

1 

950 

Nov.  14 

2 

2 

1 

0 

1 

982 

Nov.  21 

1 

1 

4 

0 

1011 

Nov.  28 

0 

2 

2 

1 

1 

1042 

Dec.  5 

0 

0 

1 

1 

0 

1 

1072 

Dec.  12 

0 

2 

2 

1 

1 

. . 

1110 

Dec.  19 

0 

2 

3 

0 

1 

1146 

Dec.  28 

0 

2 

4 

0 

1900 

1168 

Jan.  3 

0 

2 

2 

2 

1199 

Jan.  9 

0 

2 

3 

1 

2 

0 

1239 

Jan.  16 

1 

0 

2 

0 

1269 

Jan.  23 

0 

4 

4 

0 

1303 

Jan.  30 

0 

4 

1 

3 

1334 

Feb.  6 

0 

2 

2 

2 

1457 

Mar.  6 

0 

4 

1 

3 

1493 

Mar.  13 

0 

2 

2 

1 

1 

1 

0 

1522 

Mar.  20 

1 

2 

1 

2 

1563 

Mar.  28 

~1 

2 

3 

0 

1597 

Apr.  3 

0 

3 

1 

2 

1636 

Apr.  10 

1 

1 

2 

0 

1675 

Apr.  17 

0 

2 

, , 

0 

1 

1 

1 

0 

^ . 

1717 

Apr.  24 

1 

0 

1 

1 

0 

0 

1 

1753 

May  2 

0 

1 

0 

2 

1 

0 

1786 

May  8 

0 

1 

, , 

1 

0 

2 

0 

1817 

May  15 

0 

1 

1 

0 

1 

0 

1856 

May  22 

1 

1 

1 

0 

1 

1895 

May  29 

0 

2 

1 

1 

1923 

June  5 

0 

2 

, , 

1 

0 

1 

1959 

June  12 

0 

2 

2 

0 

2000 

June  19 

0 

1 

"o 

1 

2032 

June  26 

0 

2 

• • 

0 

2 

.01  c.c. 
H 

10.. 


1 0 ... 

10.. 


10.. 


TABLE  I-B. 


(Drainage  Canal,  Kedzle  Avenue.) 


Serial 

Date. 

.00001 

.0001 

.001 

.01 

c.c. 

Number.  1900. 

H ? 

+ 

9 

+ 

9 

+ 

9 

1789 

May  8 

0 1.. 

0 

1 .. 

2 

0 .. 

1 

0 .. 

1816 

May  15 

0 1.. 

0 

1 .. 

0 

1 .. 

1850 

May  21 

0 

1 .. 

0 

2 .. 

0 

1 .. 

1889 

May  28 

0 

1 .. 

0 

2 .. 

0 

1 .. 

1922 

June  4 

0 

0 1 

1 

0 .. 

1955 

June  11 

0 

0 1 

2 

0 .. 

1 

0 .. 

1992 

June  18 

1 

0 .. 

1 

0 .. 

1 

0 .. 

2027 

June  25 

0 1.. 

0 

2 .. 

0 

1 .. 

0 

0 1 

TABLE  I-C. 


(Drainage  Canal,  Lockport.) 


Serial 

Date, 

.00001 

0001 

.001 

.01 

c.c. 

Number.  1900. 

' + - ? 

+ 

9 

+ 

— 

9 

+ 

9 

1677 

Apr.  17 

0 

1 

0 

1 

1 

1 

0 .. 

1719 

Apr.  24 

0 

1 .. 

1 

1 

0 

1 .. 

1755 

May  2 

0 

1 .. 

0 

2 

1 

0 .. 

1788 

May  8 

0 1.. 

1 

0 .. 

1 

0 

1 

0 

0 1 

1819 

May  15 

0 1.. 

0 

1 .. 

0 

1 

1858 

May  22 

0 

1 .. 

0 

1 

1 

6 

1 .. 

1896 

May  29 

0 

1 .. 

0 

2 

, , 

0 

0 1 

1925 

June  5 

0 

0 

1 

1 

0 .. 

1961 

June  12 

“o 

1 .. 

1 

0 

, , 

1 

0 .. 

2002 

June  19 

0 

1 .. 

0 

0 

1 

1 

0 .. 

2034 

June  26 

0 

1 .. 

0 

0 

1 

1 

0 .. 

TABLE  11. 

(Desplalnes  River,  Lockport.) 


Serial  Date,  .01  c.c.  .Ic.c. 

Number.  1899.  + — ? + — ? . 

383  Aug.  1 0 1 .. 

418  Aug.  8 0 1 .. 

498  Aug.  22 0 1 .. 

527  Aug.  29 0 1 .. 

877  Oct.  31 1 0 .. 

915  Nov.  7 0 0 1 

961  Nov.  14 0 1 .. 

1012  Nov.  28 0 3 ..  0 2 .. 


.1  c.c. 
+ - ? 

10.. 


10.. 


.1  c.c. 
+ - ? 


2 0.. 
10.. 
10.. 


.1  c.c. 

+ - ? 


2 0.. 
10.. 
10.. 
10.. 


1 c.c 
+ - ? 

0 1.. 

10.. 


1 0 . 


0 0 1 
0 0 1 
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TABLE  III. 

(Kankakee  River,  Wilmington.) 


Serial  Date,  .Ic.c. 

Number.  1899.  + — ? 

416  Ang.  7 0 1.. 

496  Aug.  22 1 0 .. 

628  Aug.  29 10.. 

666  Sept.  4 '. 0 1 .. 

876  Oct.  30 1 0 .. 

913  Nov.  6 0 0 1 

981  Nov.  20 


Ic.c. 

10.. 

i 0 !! 
10.. 

6 'i  !! 
1 0 .. 


TABLE  IV. 


(Illinois  River,  Morris.) 


Serial  Date, 

.0001  c.c. 

.001  c.c. 

.01  c 

.c. 

..1  c.c. 

1 c.c. 

Number.  1899. 

H ? 

+ 

y 

+ 

y 

H ■- 

■+ 

y 

879 

Oct.  31 

2 

1 .. 

2 

0 

917 

Nov.  7 

2 

1 1 

2 

0 

962 

Nov.  15 

0 2.. 

3 

0 .. 

3 

0 

1 

985 

Nov.  21 

12.. 

2 

3 .. 

3 

0 

1014 

Nov.  28 

1900 

0 1.. 

4 

0 .. 

4 

0 

• • 

1196 

Jan.  7 

1 

0 1 

3 

0 

1 

2 0.. 

1200 

Jan.  10 

1 

0 .. 

1 

0 

1248 

Jan.  19..... 

1 

0 .. 

2 

0 

1296 

Jan.  27 

1 

2 .. 

2 

0 

2 0.. 

• • • • 

1307 

Jan.  30 

0 

2 .. 

2 

2 

2 0.. 

1338 

Feb.  6 

0 

4 

2 0.. 

1373 

Feb.  13 

0 

2 .. 

1 

3 

2 0.. 

1400 

Feb.  20 

0 

2 .. 

1 

2 

1 

4 0.. 

1461 

Mar.  8 



1 

1 .. 

8 

1 

2 0.. 

1600 

Mar.  15 

0 

1 .. 

1 

1 

1 

11.. 

1626 

Mar.  20 

0 

2 .. 

1 

0 

1 

2 0.. 

1671 

Mar.  29 

0 

1 .. 

1 

1 

2 0.. 

1602 

Apr.  4 

0 

1 .. 

1 

1 

0 1.. 

1640 

Apr.  10 

1 

0 .. 

2 

0 

10.. 

1680 

Apr.  17 

0 

1 .. 

2 

0 

10.. 

1716 

Apr.  23 

0 

1 .. 

0 

1 

1 

10.. 

1768 

May  2 

0 

1 

oil 

1 

0 .. 

1784 

Mav  8 

0 

1 

2 0.. 

1 

0 .. 

1822 

May  16 

0 

1 

11.. 

1 

0 .. 

1864 

May  22 

0 

1 

0 2.. 

1 

0 .. 

1893 

May  29 

0 

1 

11.. 

2 

0 .. 

1928 

June  6 

1 

0 

, , 

2 0.. 

0 

1 .. 

1962 

June  12 

0 

1 

2 0.. 

1 

0 .. 

1996 

June  19 

0 

1 

2 0.. 

1 

0 .. 

2037 

June  27 

0 

1 

• • 

2 0.. 

1 

0 .. 

TABLE  V. 


Serial  Date, 
Number.  18S)9. 


(Fox  River,  Ottawa.) 

.1  c.c. 


1 c.c. 

-j.  — 


384 

Aug.  1 

0 

1 

0 

1 

420 

Aug.  8 

1 

0 

1 

600 

Aug.  22 

0 

1 

529 

Aug.  29 

1 

0 

0 

881 

Oct.  31 

1 

1 

0 

918 

Nov.  7 

0 

1 

0 

1 

953 

Nov.  14 

1 

0 

1 

986 

Nov.  21 

0 

1 

0 

1 

1016 

Nov.  28 

1900 

0 

1 

•• 

0 

1 

1282 

Jan.  26 

0 

2 

1 

1 

2 

1528 

Mar.  21 

0 

3 

0 

3 

1668 

Mar.  28 

0 

2 

1603 

Apr.  4 

1 

0 

* , 

2 

0 

1642 

Apr.  11 

2 

0 

1681 

Apr.  18 

0 

1 

0 

2 

1722 

Apr.  25 

0 

1 

0 

1 

1759 

May  2 

0 

1 

, * 

0 

2 

1790 

May  9 

1 

0 

2 

0 

182:1 

May  16 

0 

1 

0 

2 

1859 

May  23 

1 

• • 

0 

2 

1930 

June  6 

1 

• • 

0 

2 

1963 

June  12 

1 

• • 

0 

1 

1997 

.Tune  19 

1 

, , 

0 

2 

2035 

June  26 

1 

1 

1 

5 c.c. 

+ - ? 


2 0 

1 0 .. 

1 0 .. 

10.. 

0 0 1 

1 0 .. 

10.. 
10.. 
0 1.. 

0 0 1 

10.. 

10.. 

10.. 
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TABLE  VI. 


Serial  Dale. 

(Illinois  River, 

.01  c.c. 

Ottawa.) 

.1  c. 

C. 

Number.  1899. 

+ 

— 

9 

+ 

— 

385 

Aug.  1 

0 

1 

421 

Aug.  8 

0 

1 

501 

Aug.  22 

0 

1 

530 

Aug.  29 

0 

1 

830 

Oct.  31 

0 

1 

1 

0 

2 

919 

Nov.  7 

0 

2 

1 

2 

1 

934 

Nov.  14 

0 

2 

2 

2 

987 

Nov.  21 

1 

1 

0 

3 

1016 

Nov.  23 

0 

2 

0 

3 

1 

1076 

Dec.  13 

1 

3 

1 

1130 

Dec.  22 

1 

0 

1 

0 

1153 

Dec.  29 

1 

0 

1 

1 

0 

3 

1174 

1900 

Jan.  5 

1 

0 

3 

0 

1 

1221 

Jan.  12 

0 

1 

2 

0 

1260 

Jan.  19 

2 

3 

0 

1 

1283 

Jan.  26 

0 

0 

2 

4 

0 

1340 

Feb.  6 

1 

3 

1402 

Feb.  21 

0 

2 

1455 

Mar.  6 

0 

4 

1490 

Mar.  13 

0 

2 

2 

2 

1529 

Mar.  21 

0 

1 

1 

2 

0 

• • 

1569 

Mar.  28 

0 

2 

1 

1 

• • 

1604 

Apr.  4 

0 

1 

0 

2 

• • 

1643 

Apr.  11 

0 

1 

0 

2 

* • 

1682 

Apr.  18 

1 

1 

1723 

Apr.  25 

0 

2 

1760 

May  2 

0 

1 

0 

2 

• • 

1791 

May  9 

1 

0 

• • 

1824 

May  16 

1 

0 

• • 

1860 

May  23 

0 

0 

1 

1931 

June  6 

0 

1 

0 

1 

1964 

June  12 

1 

0 

0 

0 

1 

1998 

June  19 

0 

1 

1 

0 

2036 

June  26 

0 

1 

• • 

0 

1 

• • 

TABLE  VII. 

(Big  Veimillon,  La  Salle.) 


Serial  Date, 
Number.  1899. 


388 

Aug. 

2. 

423 

Aug. 

9 

502 

Aug. 

23 

533 

Aug. 

30 

882 

Nov. 

1. 

920 

Nov. 

8, 

959 

Nov. 

15 

988 

Nov. 

22 

1017 

Nov. 

28 

TABLE  Vni. 
(Illinois  River,  La  Salle.) 


Serial  Date. 
Number.  1899. 


389 

Aug. 

2. 

424 

Aug. 

9. 

503 

Aug. 

23 

534 

Aug. 

30 

883 

Nov. 

1. 

960 

Nov. 

15 

989 

Nov. 

22 

1018 

Nov. 

28 

Serial  Date, 
Number.  1899. 


107 

June 

7. 

134 

June 

11 

173 

June 

21 

212 

June 

28 

583 

Sept. 

7. 

616 

Sept. 

13 

ffi2 

Sept.  20, 

690 

Sept. 

27, 

1116 

Dec. 

20 

1900 

1170 

Jan. 

4. 

1207 

Jan. 

in, 

1246 

Jan. 

17 

TABLE  IX. 


(Illinois  River,  Henry.) 


.01  c.c. 
+ - ? 


0 1.. 


1 c.c.  I!5c.c. 

+ -)i?  + - ? 


0 

1 

• • 

• • 

1 

0 

• • 

• • 

• • 

0 

0 

1 

• • 

1 

0 

1 

• • 

• • 

2 

0 

• • 

2 

0 

• • 

0 

0 

2 

• • 

2 

0 

• » 

1 

0 

• 

0 

0 

2 

• • 

2 

0 

1 

0 

• • 

2 

0 

• • 

1 

0 

• •' 

2 

0 

• • 

3 

1 

0 

19 

1 

2 

0 

1 

1 

• • 

1 

1 

1 

0 

• • 

0 

1 

0 

0 

2 

• • 

0 

2 

• •' 

0 

0 

1 

• • 

2 

0 

0 

0 

2 

1 

0 

0 

0 

2 

0 

0 

1 

0 

0 

2 

0 

00 

1 

2 

0 

1 

0 

1 

0 

1 

0 

1 

1 

• • 

1 

0 

• • 

1 c.c. 

1 c.c. 

+ 

9 

+ 

— 

9 

0 

6 .. 

0 

1 

0 

0 

1 

0 

1 .. 

0 

0 

1 

0 

1 .. 

0 

1 

• • 

1 

0 .. 

1 

0 

• • 

0 

1 

• • 

0 

1 

0 

1 .. 

1 

0 

• • 

0 

1 .. 

1 

0 

• • 

.1  c.c. 

1 c.c. 

+ 

— ? 

+ 

— 

9 

0 

0 

1 

1 

0 .. 

0 

0 

1 

0 

1 .. 

0 

0 

1 

0 

1 .. 

0 

0 

1 

1 

0 .. 

1 

0 

• • 

0 

1 .. 

1 

0 

• • 

0 

1 

0 

• 

1 

0 

1 .. 

1 

0 

• • 

1 c.c. 

1 

c.c. 

+ 

9 

+ 

— 

9 

0 

1 

• • 

0 

1 

0 

1 .. 

0 

1 

0 

1 .. 

0 

1 

• • 

0 

0 1 

0 

0 

1 

1 

0 .. 

1 

0 

• • 

1 

0 .. 

1 

0 

0 

1 .. 

4 

0 

« • 

1 

1 .. 

1 

0 

1 

2 

2 

1 

3 .. 

3 

1 

• • 
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TABLE  X. 


Serial  Date, 
X limber.  1899. 


119 

June 

9 

136 

June 

12 

174 

June 

21 

213 

June 

28, 

387 

Aug. 

2., 

580 

Sept. 

6., 

617 

Sept.  13 

663 

Sept. 

20 

691 

Sept. 

1900 

27 

1275 

Jan. 

24 

1312 

Jan. 

31. 

1344 

Feb. 

7., 

1380 

Feb. 

14 

1406 

Feb. 

21, 

1437 

Feb. 

28, 

1459 

Mar. 

7., 

1498 

Mar. 

1533 

Mar. 

21 

1570 

Mar. 

28. 

1608 

Apr. 

4., 

1647 

Apr. 

11 

1687 

Apr. 

18 

1727 

Apr. 

25, 

1765 

Mav 

2.. 

1795 

May 

9.. 

1832 

May 

17 

ISW 

May 

23. 

1901 

May 

29, 

1935 

June 

6., 

1969 

June 

13 

2006 

June 

20, 

2041 

June 

27. 

(Illinois  River,  Averyville.) 


.01  c.c. 

. 1 c,c 

1 

c.c. 

+ 

9 

+ 

— 

+ 

— 

0 

*1 

i. 

0 

1 

"o 

1 

0 

1 

0 

1 

, , 

1 

0 

1 

0 

1 

0 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

•• 

0 

1 

• • 

0 

4 .. 

0 

2 

0 

9 

2 

2 

, , 

0 

2 

0 

1 

3 

0 

0 

2 

3 

0 

1 

0 

1 

1 

4 

0 

1 

1 

2 

2 

0 

2 

2 

2 

1 

0 

1 

0 

2 

1 

0 

1 

2 

1 

0 

2 

0 

2 

1 

3 

0 

0 

1 

1 

0 

i 

0 

0 

1 

0 

0 

2 

0 

2 

0 

2 

0 

1 

0 

1 

i 

0 

1 

0 

1 

1 

0 

1 

0 

1 

1 

0 

0 

1 

1 

0 

1 

0 

1 

, , 

0 

0 

2 

1 

1 

2 

0 

0 

1 

0 

1 

i 

0 

1 

0 

2 

0 

1 

2 

0 

0 

1 

, , 

0 

•1 

TABLE  XL 


(Illinois  River,  Weslej’  City.) 


Serial 

Dale. 

.(tool  c.c. 

.01  c 

C. 

1 C. 

c. 

1 

C.C. 

Number.  1899. 

+ 

— y 

+ 

— 

*) 

+ 

_ 

9 

+ 

— 

0 

120 

June  9 

0 

1 

0 

1 

136 

June  14 

0 

1 

0 

1 

177 

June  21 

1 

0 

1 

0 

214 

June  28 

1 

0 

1 

0 

681 

Sept.  6 

0 

0 

1 

0 

, , 

618 

Sept.  13 

0 

0 

1 

0 

0 

1 

692 

Sept.  27 

0 

i .. 

0 

1 

0 

0 

1 

1900 

1345 

Feb.  7 

0 

2 

1 

3 

0 

0 

2 

1381 

Feb.  14 

0 

2 

1 

2 

1 

2 

0 

1411 

Fob.  23 

0 

2 

1 

3 

2 

0 

1460 

Mar.  7 

0 

2 

1 

1 

2 

1 

1 

1534 

Mar.  22 

0 

2 

2 

0 

2 

0 

1581 

Mar.  30 



0 

2 

0 

1 

1 

1 

1610 

A])!'.  5 

0 

1 

0 

2 

1 

0 

1648 

Aj)!'.  11 

0 

0 

1 

0 

2 

0 

0 

i 

1689 

Apr.  18 

0 

1 

0 

2 

1728 

Aj)r.  25 

0 

1 

0 

0 

1 

1 

1 

1767 

5Iay  3 

0 

1 

0 

2 

0 

0 

i 

1796 

May  9 

0 

1 

1 

0 

1 

1 

0 

1829 

May  16 

1 

0 

2 

0 

1 

0 

1866 

May  23 

0 

i .. 

0 

1 

, , 

1 

0 

1902 

May  31 

1 

0 .. 

1 

0 

1 

1 

0 

19.38 

June  7 

0 

1 .. 

0 

1 

0 

2 

i 

0 

1973 

June  14 

0 

1 .. 

0 

1 

0 

2 

1 

0 

2008 

.Inne  21 

0 

1 .. 

1 

1 

1 

0 

2042 

June  28 

0 

1 .. 

0 

2 

• • 

0 

1 

. • 

. . 

• 

TABLE  XIL 
(Illinois  River,  Ilnvann.) 

Serial  l)at('. 

Ntimlier.  1H!I9. 

113  .Inno  7 

138  .Iiii.e  14 

178  .Inno  21 

221  .Inno  29 

589  Si'pt.  7 

623  Sejit.  14 

6.39  Sept.  21 

699  Sept.  29 


. 1 o.c. 


_ M 

i 

'6 

0 

1 .. 

1 

0 .. 

0 

1 .. 

1 o.c. 

+ - ? 

10.. 
1 0 .. 
10.. 
1 0 .. 
10.. 
0 0 1 
10.. 
0 1 .. 


13(1 


TABLE  XIII. 


(Sangamon  River,  Chandlerville.) 


Serial  Date, 
Number.  1899. 


116 

June 

8.. 

182 

June 

22. 

626 

Sept. 

14 

660 

Sept. 

21 

715 

Sept. 

1900 

29 

1276 

Jan. 

25.. 

1315 

Eeb. 

1... 

1355 

Feb. 

3... 

1384 

Feb. 

15,, 

1438 

Mar. 

2.., 

1470 

Mar. 

8... 

1508 

Mar. 

15 

1544 

Mar. 

22.. 

1572 

Mar. 

29,, 

1613 

Apr. 

5... 

1652 

Apr. 

12., 

1692 

Apr. 

19., 

1731 

Apr. 

26.. 

1770 

May 

3... 

1805 

May 

10.. 

1839 

Mav 

17.. 

1875 

May 

24.. 

1911 

May 

31.. 

1945 

June 

7... 

1981 

June 

14.. 

2011 

June 

21.. 

2051 

June 

28.. 

.01  c.c. 


.1  c.c. 


+ 

y 

+ 

— 

0 

0 

1 

1 

0 

1 

0 

•• 

1 

3 

0 

4 

« • • . 

2 

0 

, , 

2 

1 

1 

. 

. . 

0 

1 

3 

3 

1 

, , 

1 

1 

1 

3 

0 

. . 

0 

2 

0 

2 

0 

2 .. 

1 

1 

0 

2 .. 

0 

0 

2 

0 

1 .. 

0 

1 

. . 

0 

2 .. 

0 

1 

1 

0 

1 .. 

2 

0 

1 

0 .. 

2 

0 

1 

0 .. 

1 

0 

. . 

1 

0 1 

2 

0 

. . > • 

1 

0 

6 

2 .. 

0 

2 

0 

1 .. 

0 

2 

2 

0 .. 

0 

1 

1 

0 

'2 

0 

1 

1 

TABLE  XIV. 


Serial  Date, 
Number.  1899. 


117 

June 

8,,. 

184 

June 

22.. 

222 

June 

30,. 

591 

Sept. 

7. . 

628 

Sept. 

14. 

662 

Sept. 

21. 

701 

Sept. 

29. 

996 

Nov. 

23.. 

1026 

Dec. 

1... 

1067 

Dec. 

6,,. 

1098 

Dec. 

15. . 

1127 

Dec. 

22.. 

1156 

Dec. 

1900 

29.. 

1187 

Jan. 

5... 

1217 

Jan. 

10.. 

1261 

Jan. 

19.. 

1287 

Jan. 

26.. 

1317 

Fel). 

1... 

1356 

Feb. 

8,  , , 

1386 

Feb. 

15  , 

1408 

Feb. 

22.. 

1484 

Mar. 

9... 

1509 

Mar. 

16, , 

1536 

Mar. 

22.. 

1579 

Mar. 

29  , 

1615 

Apr. 

5... 

1654 

Apr. 

12.. 

1693 

Apr. 

19  . 

1732 

Apr. 

26.. 

1771 

May 

3... 

1806 

Mav 

10.. 

1841 

May 

17,. 

1877 

May 

24.. 

1912 

May 

31.. 

1946 

June 

X... 

1983 

June 

15. . 

2019 

June 

22,  , 

2053 

June 

29.. 

(Illinois  River,  Grafton.) 


.01  c.c.  .1  c.c. 

+ - ? + - 


11.. 

0 1 .. 

0 1.. 


0 1.. 
10.. 
10.. 
0 1.. 
2 0.. 
10.. 
0 1.. 
0 1.. 
0 0 1 

0 1.. 

0 1.. 
0 1.. 

0 4.. 

1 1 .. 

0 2.. 
Oil 
10  1 
0 2.. 
11.. 
2 .0  .. 

0 3.. 

0 3.. 

2 0 .. 

0 1 .. 

0 1.. 
0 1.. 
10.. 
10.. 
10.. 
10.. 
0 1.. 
0 1.. 
0 1.. 
0 1.. 
10.. 


1 c.c. 

+ - ? 

0 1.. 
0 1.. 
0 1.. 
0 1.. 
10.. 
10.. 
10.. 
2 0.. 
10.. 
10.. 
Oil 
10  1 
0 0 2 

0 2.. 
Oil 
0 2 2 
■2  11 
2 2.. 
2 1.. 
2 0 2 

3 0 1 

4 0.. 

4 0.. 

0 12 
2 0 1 
10  1 
10  1 
10  1 
11.. 
2 0.. 
2 0.. 
2 0.. 
2 0.. 
0 2.. 
0 0 1 
10.. 
2 0.. 
2 0.. 


1 c.c. 

+ - 

0 1.. 
10.. 
0 0 1 
10.. 
10.. 

4 0.. 

0 4.. 

4 0.. 

10  1 

3 1.. 

2 0 2 
0 3.. 

3 0.. 

Oil 
11.. 

2 0.. 

2 0.. 
0 0 2 

2 0.. 
10.. 
2 0.. 
2 0.. 
10.. 
10.. 
10.. 
2 0.. 
10.. 


5 c.c. 
+ - ? 


0 0 1 

10.. 

0 0 1 

10.. 


137 


TABLE  XV 


(Mississippi  River,  Giaftou.) 


Serial 

Date. 

.01  c.c. 

1 c.c. 

1 c.c, 

X umber.  189i). 

+ 

1 

4- 

V 

V 

118 

June  8 

0 

1 

185 

June  22 

0 

1 .. 

223 

Juue  30.. 

1 

0 

, , 

592 

Sept.  7 

0 

1 .. 

0 

1 

. . 

629 

Sept.  14 

0 

1 .. 

0 

0 

1 

663 

Sept.  21 

1 

0 .. 

1 

0 

. . 

702 

Sept.  29 

0 

1 .. 

1 

0 

, , 

1026 

Dec.  1 

0 1..  0 

1 .. 

1 

0 

1058 

Dec.  6 

0 1..  0 

1 .. 

0 

0 

1 

1099 

Dec.  15 

0 

1 .. 

1 

1 

, , 

1128 

Dec.  22 

0 

1 .. 

1 

0 

1 

1157 

Dec.  29 

1900 

0 

1 .. 

0 

2 

•• 

1188 

Jan.  5 

0 

1 .. 

1 

1 

1218 

Jan.  10 

0 

1 .. 

1 

1 

, , 

1262 

Jan.  19 

0 

4 .. 

1 

2 

1 

1286 

Jan.  26 

1 

1 .. 

3 

1 

, . 

1318 

Feb.  1 

0 

2 .. 

0 

2 

2 

1357 

Feb.  8 

1 

1 .. 

1 

1 

2 

1387 

Feb.  15 

1 

1 .. 

3 

1 

. . 

1409 

Feb.  22 

• 0 

2 .. 

2 

0 

2 

1435 

Mar.  9 

0 

0 

2 

1 

1510 

Mar.  16 

1 

1 .. 

3 

0 

i 

1537 

Mar.  22 

1 

1 1 

3 

0 

1580 

Mar.  29 

0 

3 .. 

1 

2 

1616 

Apr.  5 

1 

1 .. 

0 

1 

i 

1655 

Apr.  12 

0 

2 .. 

1 

1 

. . 

1694 

Apr.  19 

0 

1 .. 

0 

2 

, , 

1733 

Apr.  26 

M^y  3 

0 

1 .. 

3 

0 

1772 

0 

1 .. 

1 

0 

i 

1807 

May  10 

1 

0 .. 

2 

0 

1878 

May  24 

1 

0 .. 

1 

0 

1 

1913 

May  31 

1 

0 .. 

0 

0 

1 

1947 

June  S 

0 

0 1 

0 

0 

1 

1984 

Juue  14 

0 

1 .. 

0 

0 

1 

2019 

June  22 

0 

1 .. 

0 

2 

2054 

June  29 

0 

1 .. 

2 

0 

« . 

5 c.c 
+ - 


1 0 
1 0 
0 1 
1 0 


TABLE  XVI. 

(Mississippi  River,  Cross-Seetiou  at  Alton.) 

Serial  Date,  .ic.c.  1 c.c. 

Xumber.  1S99.  + — -t-  — 


East  Bank— 


248 

July 

6 

0 

1 .. 

0 

1 

. , 

284 

July 

13 

0 

1 .. 

0 

0 

1 

.ri9 

Julv 

20 

0 

1 .. 

0 

1 

, , 

356 

July 

27 

0 

1 .. 

0 

1 

, , 

736 

Oct. 

5 

0 

1 .. 

0 

1 

773 

Oct. 

0 

1 .. 

1 

0 

846 

Oct. 

26 

0 

1 .. 

0 

1 

East  Center— 

249 

July 

6 

0 

1 .. 

0 

1 

285 

July 

13 ; 

0 

0 1 

0 

0 

1 

320 

July 

20 

0 

1 .. 

0 

1 

357 

July 

27 

1 

0 .. 

1 

0 

737 

Oct. 

0 

1 .. 

0 

1 

. . 

774 

Oct. 

12 

0 

1 .. 

0 

0 

1 

847 

Oct. 

26 

0 

1 .. 

0 

1 

. . 

Center— 

250 

July 

6 

0 

1 .. 

0 

1 

2S6 

July 

13 

0 

1 .. 

1 

0 

321 

July 

20 

0 

1 .. 

0 

1 

358 

July 

27 

0 

1 .. 

0 

1 

738 

Oct. 

5 

0 

1 .. 

0 

1 

775 

Oct. 

12 

0 

1 .. 

0 

1 

848 

Oct. 

26 

1 

0 .. 

0 

0 

i 

West  Center— 

251 

July 

1 .. 

1 

0 

287 

July 

13 

0 .. 

0 

1 

322 

July 

20 

0 

1 .. 

0 

1 

359 

July 

27 

0 

1 .. 

0 

1 

739 

Oct. 

6 

1 .. 

0 

1 

776 

Oct. 

12 

0 

1 .. 

0 

0 

1 

849 

Oct. 

26 

0 .. 

1 

0 

West  Bank— 

252 

July 

0 

1 .. 

0 

1 

288 

July 

1 .. 

0 

1 

323 

July 

1 .. 

1 

0 

360 

July 

Oct. 

27 

0 

1 

\ 

■t 

740 

1 .. 

0 

1 

138 


TABLE  XVII. 


Serial  Date, 
Number.  1899. 


376 

July 

28. 

671 

Sept. 

23 

714 

Sept. 

29 

749 

Oct. 

6... 

789 

Oct. 

13. 

869 

Oct. 

27. 

1900 

1189 

Jan. 

5.. 

1235 

Jan. 

10. 

1263 

Jan. 

19., 

1295 

Jan. 

26. 

1320 

Feb. 

2.. 

1358 

Feb. 

8,. 

1388 

Feb. 

15 

1410 

Feb. 

22.. 

1439 

Mar. 

2 , 

1471 

Mar. 

8... 

1499 

Mar. 

14.. 

1556 

Mar. 

23 

1594 

Mar. 

30.. 

1609 

Apr. 

4... 

1650 

Apr. 

11  , 

1690 

Apr. 

18,, 

1721 

^r. 

25.. 

1766 

May 

3... 

1793 

May 

10.. 

1831 

Mav 

16.. 

1865 

May 

23. 

1910 

May 

31.. 

1937 

June 

7... 

1970 

June 

13.. 

2007 

June 

20 

2060 

June 

28.. 

(Missouri  River,  West  Alton.) 

.01  c.c. 

-I 


.1  c.c. 


1 c.c 


0 1 
1 0 
0 1 


1 0 
2 0 


V 

+ 

— 

+ 

— 

y 

0 

1 

0 

1 

0 

1 

0 

0 

1 

0 

0 

1 

0 

0 

1 

0 

1 

1 

0 

0 

1 

0 

1 

0 

1 

• • 

0 

1 

• • 

0 

2 

0 

4 

0 

1 

1 

0 

1 

3 

1 

2 

1 

0 

2 

3 

1 

0 

2 

0 

4 

. ^ 

0 

2 

2 

2 

0 

2 

0 

3 

1 

0 

2 

0 

4 

0 

4 

4 

4 

0 

2 

2 

1 

i 

2 

0 

0 

1 

3 

0' 

0 

1 

2 

0 

2 

0 

. . 

2 

0 

2 

0 

2 

0 

1 

0 

2 

0 

0 

1 

1 

1 

1 

0 

1 

2 

0 

0 

0 

1 

1 

0 

i 

1 

0 

1 

0 

1 

0 

1 

1 

0 

, , 

1 

0 

2 

0 

1 

0 

2 

0 

, * 

2 

0 

1 

0 

2 

0 

2 

0 

1 

0 

. 

1 

0 

. • 

1 

0 

TABLE  XVIII. 

(Mississippi  River,  Intake,  Tower,  St.  Louis  Waterworks.  Mitchell.) 


Serial 

Date, 

.01  c.c. 

1 C. 

c. 

1 c 

’.C. 

Number.  1899. 

+ - 

+ 

— 

0 

+ ■ 

295 

July  14 

1 

0 

1 

0 

330 

July  21 

0 

1 

1 

0 

373 

July  28 

1 

0 

1 

0 

743 

Oct.  6 

0 

1 

0 

0 

859 

Oct.  27 

1900 

0 

1 

•• 

0 

1 

1299 

Jan.  27 

1 

1 

1 

1 

1361 

Feb,  9 

1 

0 

1 

4 

0 

1426 

Feb.  24 

1 

1 

1 

0 

1474 

Mar.  9 

0 

0 

1 

1 

0 

1547 

Mar.  23 

3 

0 

2 

0 

1585 

Mar.  30 

0 

2 

1 

1 

1624 

Apr.  6 

0 

1 

1 

1 

1658 

Apr.  13 

0 

1 

2 

0 

1702 

Apr.  20 

1 

1 

0 

0 

1810 

May  11 

1 

0 

, . 

2 

0 

1845 

May  18 

0 

0 

1 

0 

0 

1885 

May  25 

1 

0 

6 

0 

0 

1917 

June  1 

1 

0 

2 

0 

1950 

June  8 

0 

0 

1 

1 

0 

1987 

June  15  

1 

0 

2 

0 

2022 

June  22 

10.. 

1 

0 

2 

0 

2057 

June  29 

10.. 

2 

0 

• • 

1 

0 

5 c.c. 


+ - ? 


0 0 1 
0 (1  1 


TABLE  XIX. 


Serial  Date, 
Number.  1899. 


265 

July 

7. 

298 

July 

15 

333 

July 

n 

365 

July 

28, 

781 

Oct. 

13, 

1900 

1289 

Jan. 

26, 

1347 

Feb. 

7 

1364 

Feb. 

10 

1376 

Feb. 

13, 

1383 

Feb. 

15 

1395 

Feb. 

17, 

1413 

Feb. 

23 

(St.  Louis  Tap  Water.) 


1 c.c. 

1 

c.c. 

5 c.c. 

-f’ 

V 

+ 

— 

H ? 

0 

1 .. 

1 

0 

0 

1 .. 

I 

0 

0 

1 .. 

1 

0 

0 

1 .. 

0 

0 

1 

0 

1 .. 

0 

1 

•• 

1 

1 .. 

1 

2 

1 

1 

1 .. 

0 

3 

1 

0 

2 ,. 

0 

4 

. . 

0 

2 ., 

0 

3 

1 

0 

4 .. 

0 

4 

’i  ‘6  !! 

0 

2 .. 

0 

3 

i 

0 

2 .. 

0 

4 

, , 

’i  ’i  !. 

139 


1 

1 


1443 

Mar. 

5... 

1476 

Mar. 

9... 

1514 

Mar. 

17.. 

1549 

Mar. 

23.. 

1687 

Mar. 

30.. 

1626 

Apr. 

6... 

1660 

Apr. 

13.. 

1704 

Apr. 

21.. 

1743 

Apr. 

27.. 

1778 

May 

4... 

1812 

May 

11.. 

1847 

May 

18,, 

1879 

May 

25.. 

1914 

June 

1.... 

1952 

June 

8,.. 

1989 

June 

ir>  . 

2025 

June 

23.. 

2000 

June 

29.. 

0 2.. 
0 1.. 
0 1.. 
0 3.. 

0 2.. 
0 1.. 


11.. 
0 1.. 

0 1.. 

0 1.. 

0 1.. 

10.. 

0 1.. 

0 0 1 
0 1.. 

1 0 .. 

0 1.. 


0 3 

0 1 

2 0 . 

2 0.. 

11.. 
0 2.. 
0 2.. 

11.. 
Oil 

1 1 .. 

2 0.. 
0 0 2 

0 2.. 

11.. 

11.. 

11.. 
10  1 
10  1 


1 0 
1 0 
1 0 

'i  '6 

'i  '6 

’i  '6 
1 0 

‘i  "6 


I.  PRINCirAL  STATIONS  ON  THE  ILLINOIS  RIVER. 


.00001  c.c. 

.0001  c.c. 

.001  c.c. 

.01 

C.C. 

.1  c 

.c. 

'p 

'd 

p 

'6 

“d 

'd 

-d 

~ 

'd 

Collecting  Stations. 

« 6 
■a  d 

V.  C 

03  O 

T3  V- 

“ s 

c3  5 

X C 
>t  s 

c3  O 

"w  ^ 

=3  “ 

so 

JS  y. 

X C 
o 
CS  o 
•o 

£ y. 

^ O 

X c 

cS  O 

o g 

V-  in 

O O 

c ^ 

o O 

o 5 

O o 

o ^ 

«t-i  m 

o o 

o 5 

O o 

O c! 

c 

O c3 

6 

C d 

d “ 

o d 

c 

O d 

o 

is 

j£ 

'AX 

Illinois 

and  Michigan  Canal, 

Tjockport.. 

..  28 

7 

32 

28 

11 

8 

4 

4 

2 

2 

Illinois 

River,  Morris  

3 

1 

20 

11 

30 

20 

23 

20 

Illinois 

River,  Ottawa  

22 

6 

34 

19 

Illinois 

River,  Averyville  

1 

0 

27 

4 

Illinois 

River,  Wesley  City  . . 

7 

i 

22 

3 

26 

13 

Illinois 

River,  Grafton  

• • 

• • 

• • 

• • 

4 

1 

35 

13 

Illinois 

River  at  Averyville 

I. 

and  Grafton, 

Compared 

with 

Tributaries  and 

with 

the 

Mississippi  (Grafton)  and  Missouri  (West  Alton)  Rivers. 

.01  c.c.  .1  c.c.  1 c.c.  5 c.c. 


Collecting  Stations. 


Illinois  River,  Averyville 
Illinois  River,  Grafton  ... 
Mississippi  River,  Grafton 

Desplaines  River  

Kankakee  River  

Pox  River  

Big  Vermilion  River  

Sangamon  River  

Missouri  River  


li. 

Total,  Illinois  River  (Aver.vvillo  and  Grafton).. 

Total,  tributaries  of  Illinois  River • 

Mississippi  and  Missouri  Rivers 


p 

'O 

P 

'd 

p 

'O 

X c 

X C 

X G 

X C 

X p 

X C 

X P 

0!  C 

5 

>>  o 

>>  b 

c3  5 

c3  O 

ce  S 

c3  O 

ce  5 

c3  O 

a 5 

c3  O 

d 

•a  d 

rz 

''  0) 

'O 

•ag 

c ^ 

Oo 

oS 

o o 

*d  ^ 

O o 

O §3 

O O 

O d 

6 . 

O d 

6 ■ 

o d 

d" 

0 d 

d'" 

'A  f- 

z;  is 

A.X 

'A,  -t- 

'AX 

1 

0 

27 

4 

31 

13 

4 

1 

35 

13 

38 

26 

4 

2 

2 

0 

34 

10 

35 

23 

4 

3 

8 

1 

6 

2 

, , 

6 

3 

5 

4 

. . 

22 

2 

23 

6 

13 

10 

5 

1 

9 

3 

13 

4 

25 

14 

27 

21 

6 

3 

32 

13 

31 

21 

62 

17 

69 

39 

66 

21 

69 

36 

66 

23 

66 

44 

Table  1.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANA  LYSIS— PARTS  PER  MILLION.  Report  of  Arthur  W.  Palmer, 

T.  J.  Burrill, 


c 


< 

J 

r. 

< 

o 


5 


No.  of 

Bac. 

jier 

Cubic 

Centi- 

meter. 

1.0ai..500 

2.. 3.Y5.000 

4.. 500.0(X) 

4,831.6(36 

1,070.  tXX) 

4.770.000 

l.OlO.tXX) 

2.51.5.(X)0 

3.240.000 

1.4-i=),000 

1.420.000 

1..  500.000 

4.790.000 

1.960.000 

3.920.000 

3 1.5. (XX) 

4 520.  OCX) 

845,000 

1,990,(XX) 

*noo  JO  *sqv 

JO  aouasajj 

+ i ; :+!+++++  :++++++'■• 

aaiUBJOtliuax 


*0  JO 
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cn 
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O 
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??  ;5 
*<3  C 


w z 
» o 

§£ 


a 

^ Cd 
W 5? 


O c 
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“Sns 
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-sia 


hiox 
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pdsus 
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•l«JOX 
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^ c - 5 
o o tc-S 
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o 

? 

< 

o 
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p.Aiog 

-spl 
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r. 

o 

a 
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3 

m 
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*“  ■ O C')  CD  O 05  CD  *-«  I- O cc  ^ OiXl-^OWiflC 


CD 

ri  -N  05cc»i  w — w C'l  — 


ID  CD  a)  C 

w -ri  ^ w » 


^ : 


c->  c>  »r  yt  cy  CQ 
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SouKCE  OP  >>  ATEU — ILLINOIS  KiVEu.  Moluus,  III.  University  of  Illinois, 


U ^ '5  ..j  <1> 

O S s.  3 5 0) 

k-."  OoS 


•1100  JO  -sqv 

JO  aouasajj 


•mao  ‘J!V  JO 
oaiifBjadtuax 


•O  ‘JajBA\  JO 
ajiuBjaduiaj, 


•aajBAV 
JO  jqaiair 


. iC  t 1~  o o — «< 

. ^ 05  — CC  ^ < 


>050 
> •»  CO 


• C>00»ftfC04ftQ00^ift*ft0 
— — cctt  — l- 

.oOl^:xc^cc55— «ooo5MC'>— — - 


— — ift  • lO  o ^ 


-o  — 0:X'MCOTf-'^05t^’^00«^050W'^l'«*  — 


i I 


CC05  COC'J'NCCiCCC  CCX»-«^^CCO’^0  0*-  cccccc 


■< 
c z 

t:  a 

t ^ 


•sajuaiix 


■'r!'5-'>C<JOCMC'lW'?l’-  — OOOC'l’rrWOJOXl'-OX 


•sojij^iX 


U5  _ • X — X W *C  I|C  I-  »©  '5'  X iC  W w »c 

CCOO  •?»  — MX«  — OOO  — QOO  — — QQ  — •3*X»CX 
OOO  • O O O O O OOO O o o o o o ooo o o o o o 


O g 

5 ^ 

< o 

w 

05  H 


papuaii 

-sns 


•pa.iios 

-sia 


l^iox 


CD  O CDOCD  XTf'^icD 

• XI-  1-  xooxl-05O'^>xx':»^l- 

•■^lDX05C'1^05l'-^05X’^  — XITIOCC05  lit  O 


X CC  Tf 


• ^ -n*  ox  CDCDX"^ 

•'?•■) '^XC}XCDO'5'X’^-T’^OOXi-'<3'OtD 
•05'-OXTf^C500-'^  — OOXl-OOiD  tPO 


• '*fi-xxcD^Oi'-ir:^oo^C5’— xo5005oo55^ 

. » ^ ^ ^ ^ ^ ^ O')  ^ 1-H  ^ C^) 


< . 

'A  - 
U A 
O O 


p.pud 

-sns 


CO  w »- 


. _ C')  X CD  O X O') 

...  ■ 05  — O iD  C'l  1-  X '1"  Q C'l  X iD 

— Xl-55  — iDI-CD^Xtt  • 

X 


P«A108 

-SIQ 


•n"  TJ> 

ID  iO  O 


Mox 


X X 

XXI- 


■!-l-0  OXWCDXX-T'T'XO  — X»DO0'3*c6x^ 
. ix:DX?>05id  — — ^ox^x 


CD  O I-  X I-  w I-  X X C 


•UlUOUl 

-tuv  99^,4 


X CD  CD 
cd  CO  iD 


-t'XC'lCD  X -tX'«^CD 

■ CDl-OCiDl'-l-oi  — oi'^OCQcdcdxOOXCDCDCDiD 


2 
A a 

Li 

O o 
O 


pdsus.^a 


01  05  • x I-  05  I-  ^ Tj-  ID  05  —‘.O’—  X 05  X*  kD 

->y^X  — X^XT^XOQoi  Xl-CD^X  — — 


■paAios 

■mi  ‘^9 


•WlD«XX0405X  l-05XX-***-'X05iDCDl-X05 
iD^iD  •iDX-r^O>>^^Xcdoicd-!r  — — 05X00X05  — ^ 


‘l^iox 


oi-r—  ‘coxacift  xxxiDi'-xiDXWi-i-O’.  xidxxx 

05  »D  05  • I-  >D  iC  kD  1-  CD  CD  iD  X I-  O — — 05  — — OJ  oi 


•9UUOiqo 


^5  kD  • kC  O!  iD  kD  iD  kD  kD 

"'tojx  ‘Xt-  — l-XX005iDO>XCj6l::^QC''»kDcdkC  — OCD05 
M*XTt»  ■■^kCl'-COkDCDl-l-l-0505  05  050CDWt^CDkDkDkD'»J^ 


•2  aa  g 

o o bf.2 
u 


:»«  -K 


A 

C 

h 

< 

c 

&4 

K 

O 

b3 

s 

QQ 

U 

ca 


p.pud 

-sns 


05  05 

X kD 


X « CD  X CD 
O I-  CO  05  d X 


•CDCD^XCDXXC5'*rXC<ICD05 
— I-  oi  * l-  05  cd  X * cd  kD  kD  05 


p.AlOS 

•sm 


• •-t"  X ^ X 

• oi  OJ  '»r  kD 


05  05  CD  OJ 


05  O CD  05  ''t  X 
Oi  ’»r  kD  ID  Tf< 


IklOX 


05  0JC0  •OIOCDCDCD’^X  CDX-r  05  XOl-^XO^CDCD 

cdkfid  •b^Xl-05kD'-fCD-f05CD-rdkDCDd  — -rO»cdkDcdx 
CDkDX  •O5X'rf*’T?kDCD'^kDXC5'«r'VXXNO5O5  0'5’VCOX'^ 


papiiocl 

-sns 


^ CD  X 


•paAios 

•s]a 


; X 05 
■ 05  CD 


05  CD  05  '-t* 

05  Tf  CD  X cd  W CD  05  05 


: oi  Of  •—  o 

* — 05  o Ol 


l^IOX 


} X 05 

5 05  l- 
M O 05 


X -t*  X ^ '«t'  _ 
05  0*05  05"^ 
X 

o 


• CD  05  05  'Tf  Tj<  X 

• kD  d X — -ij-  '-r 

• 05  'n*  X CD 

• X — -f  X '-r*  ■n* 


5 05  — » 
• X 05  C 
5 ' 


S 


’*!t  ■TP 
X O • 

a tpX  ■ 


CD-rXTpCD05XTpcDCD 

rXX’Tdx05'5'-P  — — 

- kD  TP  X W r 

f TP  X X ' 


•Jopo 


- 5 


■ O^  kD 


O 

o 

c 


’ ^ ^ Ir  3C  kD  X iD  CPX 

;0>^00  — O — — 0050  05  — 05  0 — coco 


#r.  ^ ^ *c 


kD  X 


< 

a 

&. 

Cm 

Sedi- 

ment. 

Cons’d 

»( 

y o?  aj  - i>” 

• 2 -2-  - • • 

P ^o~  o'  ' ' 30'  ' 

•.\\q.liM,  1 +-*  * 

-H-H-t-*  -»“*  * •<-+-*  * -H -H  4- -5- -J- # 

Date  op 

1899 

Exami- 

nation. 

) 

O 1-  -r  O 
X — 05 

. o 
•— 

^ ^ Z 

X 

XtpMXX  — XkD05OkDXCDXl-’'p  — l-kD— Xl'- 

M.  — ?5  — 05X  — 05  — 05X  — 05  05w 

X < X 0 *-<  C) 

1899 

Collec- 

tion. 

C5~..  --  - •*  - S--M  c;"  - y--.  - 0--M  o 

X :^  C K ^ 

•PK  iBuas 

05  T 05  iD  O 05  X X 05  O Tp  05  X kC  05  O 05  Tp  X O ID  ''P  05  kO  O 

— CD  O -P  05  X 05  05  X 05  1-  05  i-  X X -P  X X ^ -X  05  X ^ 05  05  05 

— — 05O5O5XX^’'PkDkDCDCDt-l-XO5O5Q  — — 0»05XXiD 
kD  kD  iD  iD  iD  kD  iD  iD  kD  kD  kD  kD  iD  *D  kD  kD  iD  iD  ® CD  ‘-D  CD  CD  CD  CD  CD 

Turbidity-*  Decided.  § Very  Decided,  t Distinct.  J Very  Slight.  ||  Slight.  Color-M.,  Muddy.  VM..  Very  Muddy.  T..  Turbid.  C.,  Cloudy, 

Color  ON  Ignition — G.,  Gray.  R.,  Brown.  Dl!.,  Dark  Brown.  LB.,  Light  Brown.  RB.,  Reddish  Brown.  BG.,  Brownish  Gray.  Bh..  Brownish.  R Red 

Rh.,  Reddish.  W.,  White.  Gh.,  Grayish.  Blk.,  Black.  GB.,  Gray-Brown. 


o 

u 

g. 


o 

o 

c 

o 

J— t 

o 

fc 


>5 


O c 

Bi 


:c 

CO 


D3 
K 
P- 

Q M 


K-l 

K 

c 

E-i 

I— I «j 

CO 


^ 5 

W t/. 
CO 

< 

w 

d: 

H 

CO 


cc 

u 

X 

■< 

H 


H O 
pi  . 

-j; 

Ch 

J:  « 


H 


S-i 
o 

J fe 


^ g 

2 ^ 

^ > 
< " 


u 

o 

QS 

o 


•no,)  JO  -sciv 

•lO  O.XlOSOiil 


■luo;)  '.uv  JO 

aatiiuJDiliuoj, 


•;-)  ‘aaiii.W  Jo 
ojiinuodiun,]. 


•.loin.u 
JO  iniijon 


cn 
< 
6 v: 
X u 
h « 


■koih*iHK 


•SOI  Ml  IX 


•popiiad 

-sns' 

A o 

< o 

•pOAlOS 

o X 
a H 

-SKI 

•lt!)o,L 

a 

o o 


«§ 

Lj 

x” 

O o 
U 


p.puci 

-SI'S 


H),Aios 

sia 


I.JOX 


•BIllOUI 

-luv  98.1,1 


■•19)31IK 

pdsiis 


•paAios 

-SKI  -ca 


•I1510X 


•aiiuoiqo 


o o bf..2 

'J)  I-"  - 


'A 

c 

? 

o 

a 

< 

A 

o 

a 

u 

g 

cn 

a 

C£ 


p^pud 

-sns 


Piling 

spr 


I.IOJ, 


popuod 

•sns 


•p9AlOS 

-sia 


■|PlOJ, 


MO  PC 


a 

o 

A 

< 

X 

< 

a 

c. 

CL. 


o 

o 

o 


c 
o ^ 

v:  e 


•A.(|.nix 


a 

o 

a 

Q 


g So 
U c 


o . 
1 ” O 


^ .T  S 3 I?  i . :=:  *■  S ^ ?5  *2  ^ ^ ^ I'r  5 5 i ^ 

*4  r=  ;$  * U ^ !5  g o 5 ^ ir  S ^ 5 ^ IS  -S  fc  ^ 5 i^.  X ;?? 

2^’  — -ri  — X —*  — ? * ic  c ?c'-r  '^>  X*  i-  o X r>  'T'  ^ X o — 


'■+1  I + I+++I  I 1 + 


+ 


^ ^ 05  w c-)  ic  cc  C'l  i<;  C')  cc  5:  « — :d  -r  — cc  — C — X — cc  : 

cj  ci  cc  cc  vC  cc  cc  c^  cc  cc  Cl  cc  cc  cc  Cl  o C'i  ci  c>  o cc  O O ^ ^ 


• >o  »r:  iff 

• oi  50  X W X X O X iff  *sD  X — Iff  — X CO  l'-  l'*  cc  05  ci  cc  {'•  — Cl  O 

• Cl  C ! Cl  Cl  ^ Cl  Cl  Cl  Cl  Cl  Cl  Cl  cc  Cl  Cl  c»  ^ ^ ^ ^ — ^ ^ 


O CO  o CO  :0  CO 

CD'n*cCTrCCCCCCiffCCCCTrX-rCCCC’n-'^’^'n*-r»f'^'^TrXCC?C‘ 


ICICI  X^n-X  CO  CO^T  ClXcOXCi-r’^X'-rX-r  'wCI 

5 05  Cl  o — Cl  Cl  Cl  Cl  ^ Cl  — O Cl  — O — Cl  — C)  >**■  c5  Cl  O Cl  -riff  i-  X 


_ Iff  Cl  • iff  Iff  — • • • • ^ • • • • :r  o:  • 9&  ^ rr 

SSSS  :8  ;SoS  ::::*:  — -82  ^28  :255o2 


-rX-r^X'^XX^-r  XCl  ClXX^_X-rCl-jXX^,^X 

XO-rO-rccOC^$XXXX-rd5COl-Ci3'COX55005^«c)Cl5 

U'-Cl^CCXXOiffCCC*-0^-r»-  — — — C:  — C-O**— CO  — — ^ 


cc^Swc^SSSimSS  X SS  ?:ciS^oSci8iff*o£xci 

I'-XCftiffiffOiffl'-OOiffOOOXiffOiff-riff-rCC-riffCliffCC’-r— 


X -r  X O' 


iff  CO  « 
iff  — — — — — 


CO  X CO  X -r  Cl  -r  Cl  Cl  X Cl  CO  Cl  Cl  go  ci  ci  ci  -r  x -i-  o x 

^gjcigo—  — 2:ccg^  — gx^xg^^gj  — ^ — 


•XT  Cl  Cl  XX  X X CO  Cl  X X o CO  Cl  o o CO  CO  Cl  gc  CO  ^ CO  -r  o 
cioc^i-'xr  — -^'oxcigcx  — i-xxi,ffwc5iffxiffiffr-0iffc0iffcii- 
CO  X X Cl  Cl  Cl  Cl  X Cl  X M Cl  rr  Cl  ^ Cl  Cl  Cl  — Cl  X Cl  C»  C»  Cl  Cl  — Cl  Cl  — 


X Cl  CO  Cl  OClClXClX-rO^^ClX3tCOXX^Cl—  — TI  — — 
Cl-T'^iffiff  — CIO  — iff-riff-rccxciiff^oco  — XXOiffOClirCiCl 

OcO'TXClXXXiffXrrr^xj.XXXC^XXCl-rClClXXxClClClCl 


XXX  xcico-cci^coco 


l^iffClCI  — XxfCD  — OXl^COiffXOXClX  — 

Jg.ff-  ■ ■ ‘d-d-  ■ ■ 


— o c ■ 

* d d 


• — C>  • O — -r 


XiffXXX-rCOClXXClXX-r— X—  CO  _050C)XiffX 

d d d 05  d X d d d d X d d X cb  i- 1-  i-  CO  CO  CO  iff  — Iff 


. Cl  X i- 
• O CO  CO 


iff  iff  Iff -rl^  X-pXlffiffxrO505X05ClC5—  XClOCOiff  C105  — 


X iff  Cl  iff  — Cl  X X X I — Cl  I'*  -r  I':  ^ ^ ^ . 

’ — ci  ci  d Iff  CO  'xr  iff  iff*  mff  cb  cb  cb  cb  i'«  I'-  X I-  I- 1-*  I- 1-  X I-  d 


^ ^ ^ ^ ^ ^ ^ -C  x:  x:  x:  ^ JZ  ^ ^ ^ ^ ^ ^ .... 


ClCDOX-rCl-rXX  Cl  O-rcOXCl  CO  Cl-r  -r  — CIX  — Cl 


.xfX  ClX-r-rdXXCO  XCIXX  Cl  ClCl  -cr  — x-r-r  X 

dd-r»ffdci'<rdd-t'“5b»’^^Q5S'^*"*QS”£S 

X-rClXXXiffX-rcOOOiffiffxrXO  — iffXiffX  •-rXXiffiff-rx 

CO-r  CICOX  xrXX  CIXCO  X -xfO  X Clxr-r 


-rcicicox  -rcO-xTCO  x-rO-rCl  cO  ^CICICI  — — XCOX  OX 
cbxg'ffcC'rc»j^2X;5jdxrX'^d^  — d — I'-dg^xxci-rXci 

Sc  — — — * ""  — — — 


.xr  cOdX'xr  x-rxx'xrx  cocix  ^xxcoxx  co-rx 

::^Sg-Sx^^SKSg^5C.^}rij»gocxg5xci®Orpx 

c5xf?^xc^  — ?i^iViVicic^^??ViV)^dXX^^??xxc^xx-r 


-r  CO  Cl  CO  ^ d Cl  -r  -r  -r  O C»  Cl  C>  CO  X X Cl 


Cl  CO  CO  -r  — X 


?gS“.8Sfe8Sg8§!£5-ffSSg|?5i8£^'£*2gS?< 

5— XXXXCl^ddC)ClClXXClClClXXXXXXXXXXX-r 


c , 

o- 

Xi 


8w--S8-x«‘'i:£S-S258SS3^’S3^S2SgSS 

^ px  ^ ^ Z^. 


— ::cr:: 


a> 


■ O-rl  0-3  C-; 

^33-3  C.  — • — 


8‘'2:gVi''  = 2!S^*‘i:?!g--2S'^Si!a-*'2?;S=?5?! 

o . • • 

c X*  ^ > cJ 

ccg:  ::  -r:  ::  s:  c:  :•:  r*  : 

?:-  ►-  -jr.  o _•/■._  p.  _ 

?i  »>■«  8 « 2 L:  5:  z ?;  ^ " = 2 ='’ « 2 ?5  8 ® Vf  = ;5  ?) 

t z V. 


<D 

Jc.  . . 2-.  . . 

1.^'  5 < 


i ■ 

z 


•OK  laj-ios 


.7  .S  S 5?  is  S S S i?  S !?  .1 .8  .'r-  .V:  S 5 ii?  S 8 5 5 i S i 3 1 « S 


TruBtiiiT3'— ♦Ilef.idod.  J i'er.v  Decided.  * Distinct.  J \'ery  Slijjht.  ’.‘’light.  t'oi.eii—.M..  Muddy.  V.M.,  Very  .M\iddy.  '1'., 'I'lirbid.  ('..(’londy. 

C'oi.oK  ON  InsiTioN  G..  Gniy.  15.,  Drown.  DM..  Dark  Drown.  DD.,  Light  Drown.  DD..  Re<tilisli  Drown.  D(i..  lirowr.ish  Gray.  Dli..  Drownisli.  D.,Red. 

Rh..  Rod<iish.  \V..  White.  (Jh..  Grayish.  Dlk.,  RIack.  (5 D..  CJray-Rrown 


rABLK  9.  STREAMS  EXAMINATIOxN  -SANITARY  DISTRICT  OP  CHICAGO. 

.SANITARY  WATER  A NALYSIS— PARTS  PER  MILLION.  Report  of  Akthuu  W.  Pai.-mkis, 

T.  .1.  Ruukh.l, 

Source  of  W atek— Illinois  River,  Ottawa,  III.  University  of  Illinois 


r ^ ^ 

^ 'J  C 


O I 


noojo  ’sqv 

•to  3DlI9SaJr[ 


•}U90  ‘.tlV  JO 

aanjBjadluax 


•O  MaiB.w  JO 

ajiUBJOiliua,!, 


••taiB.w 

JO  iqaiau 


ScoSS  -IsSlio  -Sat 

C'f  X 


ggSSgsi^il^ 


- C*!  '»r  X -r  » X X -f 


I I 


+ I ++  I ++  I + I 


CC  5^  iQ  M X p « o W -t  '5'*  X X — o ^ X — M ' 

CC  W CC  CC  ?C  X fC  ?C  JC  X 5-1  t")  C->  O'!  C-J  -M  C->  — — »- 


XXi'-l^iCO:?DX-rl'‘0»Q-rOX»CXXXCCX05CCl'-  — C-IO 
C'>  C-J  '?'>  •M  X '^l  '^>  'N!  — — — 


X iC  XX  X X 

•^’^fC-rX'^'-fXCCX-^XCOXfCC'2XCCX*XCCXXXXCOX 


< 

C 

^ » 
t ® 


^ <— I M t')  C')  CO  'M  ^ CC 


u»  _ •i*'  ^ _ «►  II.'  uj  ifC  lO  tf.  X . - ... 

_ ift  »0  i-  lO  O)  I'-  j"  I-  Oi  0>  'TJ  \Q  1--  — X D 

X X If:  I'-  X X »r:  a:  oi  « C5  CO  X -t*  — X w w oj  o o ' 


y z 
•=•  w 

<!  O 

a H 


U Z 

» o 

p 

s<: 

p. 


popuad 

-sits 


X'^'^  XXX'-r 
lOX-rX^xi-Qxgcii— CO*  .... 
o5x  — C'>'*rOi;f:co  — oxo-rx-Mf 


* W O *f5  X X 


•pdAIOS 

■SKI 


•^XX  OIOJ'«»'X^  -^'^'X-^XX'-^  XOIXX  X X 
XI*-  — x05xonoox*!t'o>^oicocox'?'>ao-j’*— xcOTt'X'^x 
05  — 0a:i-cftxxxxi*-xxxxx^>f:xxi**  x C5  x as 


X XOt  •-t<-rXX  X 

— '-fX-r-n**^  Xiftxxif:  — xx_x  oi-i*xx^xxxif: 

C-!  Ol  — Ol  O!  O!  -f^  — X W X X — — O 05  O 05  I-  O X — 05  -P  0 f 


p^piicl 

-sns 


Oix-P  X X X OJ  Ol  Ol  Ol  X -fp  Ol  OI  Ol  ^ XXXXOJ'*t! 
CO  — XXX  — XO^Xl'-  — — OXXCOCOMXX^C^  — 
OOOOO— — OlOOO^O  — Ol  00000000^00  OJOJ 


PtA^OS 

-SI  Cl 


O)  X Ol  TP  -r  <ci  ^ X X X X X Ol  Ol  X 7*1  ^ 71  71  X 71  X If 
— ox  00X0  71  — — if5XX*'PX  — XiftTlXiO  — — 7lO 
XTP''T'^xX''pxX''pTpxx7iTp-pif5XXXTpc:iTp-it.ir:if:x 


liiox 


n*  71  X *-P  71  71  X X X X 71  T *-P  tP  71  X X 71  X X 

*-r  — — X X X 05  — — -P  X X X O — X Tp  XX  — -P^XO  ^ 

XXif5TpXTpif^4f;'^^:OX'-p'^X-pif:'^XXX*'p*ftTp:OXX 


••UIUOUl 

-tuvoQJ^ 


Wiitxxo  xxxdxx-p 

-pTp-«pC0X'«PXlTXt*-XXXXl*-'n^TpiCXX71 


z H 
S ?! 

C o 


pcisns  Afi 


— X X X I**  -p  X 


05  71  XX  X710  — X 
H * ‘ 71  ‘ * CO  — O 


O X * 

d 


• X X 71 

• X T^ 


p3AlO« 

-sia 


X05  05  05  i*-xxwxo5ir:-pTpi>.iox  — 

x-pcooiosoici- d — 710  — XX  — 05C5Xi 


-XX 

-Xl>^ 


•TBIOX 


05XX7}X-PXXl*-05X7lXTp7l05X-P-P  1-05XX 

xwx 


»f:X-P-P71X-p7l  — — -p  — — — O—  05  05Xl^l-**5 


05  05  I- 

I d 05  d 

7-1  ^Tb: 

— X — 


•auuom:.) 


s 


01-XXWXX-tQC5XXX0W^X0^- 
X’-P-PX-^X-PXXXl*-X05  05  X 05XWXCj 


X 
5 X 


o o br..2 


2;x?5paooooC500-o-5cD2:;:20033p;o2:xoo 


z 

o 

» 

g 

QQ 

(d 

Ci 


p,pu(i 

-sng 


71 --PX  -P71071  . XX  XX  7lTpX-P  • ^XXtP71XX 

X ’xd  icdt^  -oiTp  — xcoxcoxx  'XXcotp  — x — 


P.AJOS 

-8ja 


liiox 


TP  X X X 71  -P  X • 71  X X X Tt*  --P  71  X X • 71  -P  X 71 

COCOXX05'-‘*^X  *05  710505dTpd05Tp05  •XXXCOTpcOCO 
X^l  j7l_-p  X X X X • Tp  -p  -P  71  X 71  Tp  71  *^  — • — — 71  X 71  71 

'x  X XX  71  X 

— -P  CO  X 
X 71  --P  Tp 


71  X 71  -n*  X -P  X X X 


00  X X X 71  X 


— -PXX05  05-P710  — l^  — XXOXl-l-*005X-P  — lT.Xt^**p 
* X X X X X X X X X TP  CO  X 71  — X CO  X 71  CO  71  71 


'popuad 

•sns 


X-pXX  OlXOl-^-PX  ''P'*P71  X71XX-P-P-P  XX'-P 


j ‘pOAtOS 

1 -sia 


71  Tp  -f  tP  •p  X '•P  X 


71  X TP  71  X 


71  X -p  71  X 


XX  X -p  Tp  :o  71 


•ITKO,l 


MOPO 


>i0 

*-/}  S - 

cC  O 

oy^ 


u 

o 

z 

Si 

< 

u 

0* 


o 


ccM'i2c-ig««g-S'.5S553S«'a3--!S83S§S3 


'O  ^ 

® s 

X g 


OJ 


? Q?  <»?  ® ? 

73  W 73  ^ 73  73 

: c:  : : ::  ct2 

O _jO-:0'2  0-- 


: : : : C' 

o 

o 


•A'.q-iit,L 


-*  ^-«=*  == 


===-♦-'»-* 


b. 

o 

H 

f- 

-< 


'c  ^ 

£ o 

X ^ 


8 


Ol-Tp— X»ft71XX7105X7l05XTpOX»f:  — Ittp^OOtpcOOS 
7171  — — 71  —7171  — 71  — — 71  —7171  — 7171 

O »-  • • 

C — ^ ^ ^ o 

2*  s*-*,.  -J.,*-,.  o*,.,.  ©.,...  . 


o . 

I 3-2 

o" 


:i:3; 


-XXXOlXXOXXQt-  - — X 

-—71  — 71X  —$5  71  — 7171 


- <1>- 

X 


;:;3  o::: 

'z;  o 


*0M  IBU8S 


^cS^c 

71  X X * 
X X X I 


■ -p  05 
i X It 
- iC  X 
: X X 


X U 
XX 
X lO 


. X 
X 05 
I**  It 
X X 


05  — C 
X X c 
X X c 
X X I: 


iTl^'XX  — ItX  — -^iiCX 

5coxxOtpi*.Xo0  4to5 

3XXXXXXXXXXt^ 


Turbidity— ♦ Decided.  § Very  Decided.  tDistinct.  JVerySlight.  1 Slight.  Color— M.,  Muddy.  VM.,  Very  Muddy.  T.,  Turbid.  C., Cloudy. 

Color  ON  Ignition— G., Gray.  H.,  Drown.  DD.,  Dark  Drown.  LD.,  Light  Drown.  RD.,  Reddish  Drown.  DG.,  Drovvnish  Gray.  Dh.,  Drownish.  R.,  Red. 

Rh.,  Reddish.  W.,  White.  Gh.,  Grayish.  Dlk.,  Dlack.  GD.,  Gray-Drown. 


o 

o 

< 

o 

t— 4 

E 

O 


£-1 

(n 


< 

H 

t-H 

■O! 

I 

o 


<% 

‘■i 


rJO 

P; 

< 

w 

a: 

H 

X 


< 


TfiiBiDiTY—*  Decided.  J Very  Decided,  t Distinct.  J Very  Slistht.  J Slight.  Coi.oii— M.,  Muddy.  \'.M..  Very  .Muddy.  T.,  Turbid.  C..  Cloud\. 

Coi.OK  ON  IfiNiTiON— G.,  Gray.  It.,  Drown.  DIt..  i)ark  Brown.  LB..  Light  Brown.  RB.,  Keddish  Brown.  B(;..  Brownish  Gray.  Bh.,  Itrownish.  R.,  Red. 

Rh..  Reddi.sh.  W.,  White.  Gh.,  Grayish.  Blk.,  Black.  GB.,  Gray-Brown. 


Table  11.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  AN ALYSIS— PARTS  PER  MILLION.  Report  Of  Aimiui:  W.  Palmei!. 

T.  J.  Huuuill. 

SouiuE  OF  Watek— Illinois  and  Micuioan  (..'anal,  La  Salle,  III.  University  of  Illinois. 


O O 


OJ.C 

Ss 


noojo  sqv 

.10  O.TU9S3.l<i 


luaD  ‘.ny  jo 

aaniBaailiuax 


■O  ‘.t31BA\  ,10 

ajniBJOd  1X19,1, 


•■opi.W 

JO  UlSiOH 


" CO  o oi  o ! o I'-' 

71  .1-  0^ 

fC  . « rr 


•'■+++  : 


:++ 


■ — ift  CO  — CO 
; Oi  — ct  Oi  o:  OJ  Oi 


5 6 S S S 2 5 S S S S ^ S 5 £ S .7?  5 

O ^ 7!  ■-f  CO  X C CO  -r  o O W lO  CO  71  CC  CO 


+ :++  ;+++++++•'■++++++ 


CO  0>  CO  ift  n*  -n*  »0  I'-  I--  ot  ct  CO  71  7)  Ci  7)  ^ 

o:o:0i0i0:(3:cjo:o:c;c:ooooo  — — 


< 
C 5C 
fi  u 

t ® 
y. 


•63^U.I^IX 


^ 3 ;p  ^ CO  V> 

S f7>  C5 


»f5  CO 

71  »C  »C  »C  lO  71  7) 

o 6 o 6 — o o 


-'J  Hi;  urf  If,  - - _ 

cc  CO  tr  »7  CO  ^ 7?  71  CO  CO 

OOOO'^ 


•ir  _ Ls  '•  > vj  v’«  'w  f " u;  (JL 

OOOOOOwOOO^O-— 


O 5^* 

- W 

5 

< c 

» Si 

a:  H 


p9pU9d 

-sns 


00  O CO  CO  71 

cO'^-^Ol'-iQiO' 

^ 71  lO  •'f  ic  71  CO  : 


CO  * 71 :0  71 

;ir£JSS22: 


CO  71  XCOX^COCOCOTl 

l-^iOXOCCTCOXXif^XCOCOCO^iO-f'^CO 

— co'»rcOir:'VT®W7icoi'»i^-j’7i7ico  — 


•paAios 

-sia 


— O O 05  X Oi  5 


; '^71X'^71X  .^^^..^  

■c0O05  717)iCXXXiC^i0C0-fOXXC0-1'^-P'^'*fO71 

> I-  lO  w X 05  X 05  X do  55 X 1^:  lO  S I'-  I'- 1'-  CO  X — 


‘ItJlOX 


05  05XX  -r 
71  71  ifS  ^ -r  71  - 


X X 

'T’  X 

» '-r  *—  X 7? 


u z. 
o c 
O P. 


p.pud 

-sns 


§*^  X 71  71  CO  X X 71  71  _ ^ X 5'!  71  ^ ^ 71  ^ ^ 71  71  't! 

— X'7*Xi'-i^XCp-rWX717^X05X^71— 

•*r717l0  7l7100  — — O — — O — 0 71  — — ^05  71^^71  — 71X0  — 


P*AlOS 

*sia 


-t'T'X)3C  XcO-T'-r*3'7171X3*  XX  71C0  71X  CO  X7171 

7171XXO  -rX'^OQC-i(5OO71XO7lXX7^i7i0WX7^i7^-^X  — lO 

X71C07lXn*'>^X— XC0  71C^XXX7lXXX«XX71717lX7l’N7l»OC0 


I.IOJ, 


cox  X^XXX71CP-M71  XrT.710  71X071  '*rC0  7l  COO 

X71  I'-QXOlQOlO-f'^XOXiOX'-T'^  — OCO'-rOiMOl'^  — — '7  1^® 


BlUOUl 

•mv  oa.i^vj 


) CO ' 

: O X ! 

) lO  I 


» ^ 71  CO  71  ^ CO  71  71  CO 

5X-r'^71  — -^co—  05:OOXn'05X7lOC 

:X»OCOl'»if5COiO'^'n‘iC'*^*'^'7*  — *— 'CC71051 


Z Ei3 

or: 

O c 
O 


•.lanwK 
pdsng  A*H 


05 

71  71 


1 71 
COCO  ' 


• X X : 

• —71 


D05  71C0  71C071XX  — I'-  cO'VCO  — 

— 71  — ^i—COTfCO  —,—  — — — — 


•paAjos 

-spl  ‘^0 


- X 
5 05  C 


. 71  ■•f  * 

• — d C 


• lO  X • 
' W 05  < 


-l'»0505X005l'^CO'^717l  —71COIOO  — 
5 05  05  l>-  d X I-  05  05  I-*  I-  CO  CO  d CO  lO  X 


7105 
05  05 


'\WOA, 


5 I- 

“ 71  ' 


5 '-r  I; 

• Tf  CO  I 


■ X — c 
X 71  ’ 


lO  — lOiOTl  — i005i0  05  71l'-  — X — l>»0 
• — 7>  05  — 71  71  71  71  05  X X X I-  I'.  X W iti  C 


•auiaomo 


lO  »7 

1 — 71  lO  CO  «—  o -f  CO 


iC  lO  lO 

X 71  CO  I-  05  71  d lO 
^ — — 71  71— 


i:  c C 5 
o o w,.2 
o 


— — X — — — — — — — — OU  — — = — OO 


z 

o 


o 

Ph 

> 

t: 

z 

o 

U3 

D 

Q 


u 

OJ 


PjPlUi 

-sns 


71  71  O71C0X  X71COX  O71X71'^C0CC71  COCOTln-  OICO'T*' 
05Xcodd  — — -rd:0i0  05  717ld—  — cod  0571  — XXCOTlXiOTl 


P,A|OS 

-S|(I 


X 71  7 1 X 

- . - 71  — lO  --t*  ? 
X »0  X X -r  71  • 


X7171'^'n-CO  COXXt''7' 


It'lox 


CO  71  X 71  71 

— »0  X — »0  : 
»0  i7  X -r  c 


••r  --f  CO  X X 71  -r  71  CO  co  7l 


71  -r  71  CO  CO  CO  X 


popuad 

-sns 


71X'n*'^-t*  71cO-rX’-r 

iiocooidxdi-co'^dx' 

5 X »0  -r  If:  71  CO  X ifi  71  X c 


O 71  X X CO  CO  X 71  71  -XJ  X 71  71  CD  X 

- i-  lO  X d 47  — X I-  l>-  l7  — X c 

' COX-r»7X-^Xi7  7lX  — 71—  c 


•pOAtOS 

•sia 


X Tf  CO  X 71  71  71  *X> 


C0X7}X71'^C0-7i71XCCC07171  XX71X 


QC7105-f'^l-WX'fO;003  47XXi-Q'^XXOC005-^710  — l-Ol' 
^ X — X X CO  Irt  X 71  O X 71  C«i  — X >0  05  CO  X CO  CO  X X W ^ U7  i7  i7  '-f  I' 
.»j,,^.^y<»r»5^.5.-j^ji*jQ^^jff^jit'5^fr5XXXXXXXXXXXXXl7C' 


71-t‘-f'-rCOX>X71X 

■n* 
I- 


•jopo 


O 

z 

< 

< 

u 

a< 

eu 


o 

o 


Xi7  17  47  i7-T  47Tr47  XX47  X-r»7-r  -J*'!}'-5'XXX71X0X 

00  71  — — -r  — — O — — ^ — — 0000000  710^000000710 


'C  ^ 

o ? 


y JO y oy  o y 

-fi  c^  '-ii  ■rt  c/:  “ 

c::  2 sc^jcs  2 — c: 

O — 0*r;  O J O 


<y  *0 
"Zs  5/5 

^ a> 

‘c/i 

C 2 

2 

c ^ : 

c - 

O 

5 

O"^ 

o 

3 

A^qjnj, 


o 

H 


8 |.2 

^ ^ 
^ C 


* * 


-*  * 


c5  2 9 - - - O - 


. i7  — 05C07105C0XO0>XOi-’^— Xi7— Xi7  7105l'--rOX 
I —■  — 71  — 71X  — TIW  — — 7)  — 71  71  — 7171 

^ be 


i 2 9*2  : : o:  2 2 o:  2 

: ^ O A 


2 CJ2  2 2 

Cl 


O . 
^0.2 


71  X 

>3 

2 


• X 47  — X i7  71  05  i7  7>  (35  CQ  X O {•-  '■t  ^ I'-  OQ  'N  ^ 

— 7171  — — 71  — — Tlx  — 7171  — — 71 


be 


2 ^222  o22 

in  O 


2 2 O 2 2 2 <0 : 

C 


•OSL  I^iaas 


— i- 

S-' 

i7  *7  I 


- O — 
5 71  i7 

- 71  71 
: 47  *7 


X X 05  — X Oi  CO  |7  W — 71  71  X X — O 71  i7  X — — CO  i> 

05XX-rXXXXXX05-405^05XX470-r05-rOcOO-^X 

i7  i7  i7  »7  47  47  i7  47  ‘f:  i7  47  »7  »7  47  CD  O CO  CO  O O O O CO  CO  CO  CO 


Turbidity— ♦Decided.  § Very  Decided,  t Distinct.  Very  Slight.  ||  Slight.  Color— M.,  Muddy.  YM.,  Very  Jluddy.  T.,  Turbid.  C.,  Cloudy. 

Color  ON  Iunition—G.,  Gray.  15.,  Brown.  DB.,  Dark  Brown.  LB.,  Light  Brown.  RB.,  Reddish  Brown.  BG..  Brownish  Gray.  Bh.,  Brownish.  R.,  Red. 

Rh.,  Reddisli.  W.,  White.  Gh.,  Grayish,  Blk.,  Black.  GB.,  Gray-Brown. 


TcitBiDiTy  * Decided.  S Very  Decided.  +Disiinct.  * Very  Slifjht.  |.siis{ht.  Coi.oit  .M.,  .Muddy.  VM.,  Very  M iiddy.  'I'.. 'I'lirbid.  ( '..  (’loiidy . 

<’oi,f)f!  (>\  IiiNiTio.v  (;.,f;ray.  H..  Drown.  D|{..  Dark  Drown.  Idi.,  Lifrht  Drown  RD.,  Reddish  Drown.  D{i. , Drownish  Gray.  IDi..  lirownisli.  R..  Red. 

Rii. . F{edd isli  W..  While.  Gh..  Graylsli.  Dlk..  ISIack.  GD..  (;ray-Drown. 


Table  13.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SAMT.VRV  W.VTER  ANALYSIS— PARTS  PER  MILLION.  Report  of  .Vrthuk  \V.  Palmkk, 

..  . T.  ,1.  Bukkill, 

Source  of  U ater— Illinois  Rivei!,  Henry,  III.  University  of  Illinois. 


o • t: 

° y *-  -r  Z D 


DS5.=  ; 

X. 


noo  JO  -sqv 
.to  8DlI9sajf] 


■luaf)  Miv  JO 

a.iniB.i3dui3x 


T)  ‘.laiti.u  JO 

3JnjBJ0dU13,l. 


MOlTt.U 

JO  iqtiian 


rfi 

< 

6 25 

t ® 


: i S S S S S ,?  S i S ■ 5 js  .i  5 S .i  S S 5 S 

• X o w X w -r  • 00  *G  cc  O •(?  — 


+ 


as  ac  ; 

$ 25  X ^ 


rt 


! : :++l  •'■  I I I I I 1 + 1+++ 


X o;  Q — Oi  o:  w 55 O — — Q -t-  tc  i-«*  to  CO  I-  I''  o c:  'X*  — 


• o:  05  o X c:  Q X ^ C5  to  50  X X 05  o — X ic  CO  -r  o c:  C5  X X CO  oi  t 
•o?  0(  CO  ol  O!  CO  Ol  CO  O?  0»  O?  01  Ol  O)  Ol  01  ^ ^ 

I'-  -r  01  I'-  X lO  O ! X X X X — ^ Ol  01  X X lO  tO  Xi  CO  tO 


X X X 05  *X>  I-  I-  05  X X X t 

gl 


' -.o  O 1-  I-  1-  I-  I-  1-  I-  I-  I-  I-  I-  I-  X 


X X -r  01  X X : 
I O » O)  -r  lO  ^ X 5 


-01  X'M-t'SlOOlOl^'^-f 

•CO'^OtOCO-fOWlXCOCO-T’ 


-r  X X X 0>  ^ X 3D 

f*XXSx-+  — 0105:DC0  0l 

oi  oi  f oi  oi  — — oi  — ^ ^ — 

" _ ' CO  »o 

« — 05  lO  — — o6  X 

- — O oi  o c o 


a Si 
Si  H 


U 25 
C O 
2 ^ 

Z< 

;z; 


papuBd 

-siiS’ 


-r  Ol  •^■^-ooix 
•^-rX  — xx-r 

lO  lO  I--  — 


-1«01X  Tp  O)  Ol  tT  Ol  to  01  01  tool 

X 05  X Ol  -J*  X -t  to  Ol  CO  O QO>1MjA05  05  01iOI'- 

CO  lO  25  I'*  IC  to  Ol  lO  X W 01  05  -P  CO  X ''p  Ol  — CO  Ol  :d 


•pdAlOS 

■s!n 


5D  X^o  iDXOl  -.D  XOl  CDXXOlOl'^'-^tD 

i’-x-r^Xi-:D^;D05-t*0:OOix-riD-pSi'»-tl>-rx»o«o-rxco--p 

05  05  01  O O — — tD  »f:  W -T  I-  — 05  O X X I-  X -r  X I-  5ji>  ^ ifC  iD  I'*  iC  05  X 


‘imox 


CO  CO  Ol  5D  to  S X O X ‘D)  01  Ol  Ol  O _ • --  * . . . ^ _ . 

lOifil'^-^iD^COO  — ’*p  — XX'!+X'-Pl'--P  — '»P010<3505X  1^05^  — lO 


P.ptKi 

-«ns 


^Ol^tpOl^X  X^  OltDtDtDtp  to  'n*:D-0'0101^^01 

Ol-— OI^O5X'-r'^'-r-!p:D0l-f-S'O5i'-COO5CT-OW<DOll'-'-'PO5  — tp^05 
Ol  — OlX^XOOl  — — — — ’— lOl  — — CO'-r-rO»  — ^Ol  — ^OO’-* 


P.AIOS 

•sia 


Ol  -rx  X ■n'Oi'-r  rP  oix  tj-x  oi  toto-^  to 

lb  X -r  X X ‘.D  -!P  O iO  X Ol  O Ol  *D  ‘Xi  OQ  O :D  CO  CO  ID  O 't*  Ol  CO  : 

CO-!rCO-P’'r-!pCOO>XCOCOCOl;-XCOXCOXCO-t’-r’-PCOOlC0  01CO«* 


IJOX 


®01X'^0l-t:D_,X*b-PXX  '-P'^to  -T  00  01X010!  tool 

I'.  — Q-Pl-»;D  — X-p^'-P^-^tO'-P-PiD  :0-t'Qt0tpM'^XX  Wt- 
iDiD<iOX:DX'-p^'"P--riD'^XiD»DiDtDXXtDiO»DiD’-P^'-T’'P'*P»OtO 


•TllllOlU 

-UIV  99 


^ •D> 

05  1^ 

X iD  X* 


Q -T  -P  --P 
Ol  -P  Ol  X -P  00 
COOltDXOXtD  — 


TP  Tt- 

oi  tc 

O X 


XOIX'POIX  01  Oltp  X Ol 

$ — ^01  — XX  OllCXiDlDOlX  CO 

— — Ol  — X >C  -P*  iD  X -P  X Ol  X X ^ 


25  a 

w s 


X is 
C o 

u 


Maj^DK 

pcisns  .t'a 


- X I: 

: CO » 


t 05  •*+ 

' oico 


X -P 
■-P  X 


X X 
oi » 


iD  "P* 

■ ’ oi 


X-Pl0iDX05  05  1-05— X'-POO  — 05 

^'-PiDiDCO  — oi—  oo 


•p8A|Oti 

-«ia 


I-  X 

oi  oi  o 


oT^ 

coco 


X Ol 

— d 


iD  t 

oi  Ol  * 


- ID  iD  X iC  Ol  X 'P  — — 01  I-  ^ X X ^ 

>Oll^XX05oi05XXl-XXXl-X0505 


■ X X 
« X X 


X 

X^-^^tDXXXOl'-POlOl-PX  — Ol-PX’-POl 


X X 

oi  '-p 


— ID 
Ol 


X05X  iDX  — X — X 01  X X^ 

CO  — Ol  -P  CO  -P  oi  05  X X X I-  I-  I-  X*  05  o 


•9UU0m0 


iD  ID 

I-  oi  i-  c 


»D  iD 


>n 


I-  iD  -p  ID  ID 

i S S S $ Sg  52  S S 


o d'^  = 

oo  m.2 


.cia‘X3,.c^^ 


D.pucl 

Ol 

X 

X 

X 

X 

X 

X 

O) 

Ol 

X 

Ol 

p 

01 

X 

X 

p 

p 

Ol 

X 

Ol 

X 

Ol 

o 

p 

p 

■sns 

X 

oi 

05 

X 

"" 

1- 

05 

05 

05 

X 

p 

Ol 

X 

X 

?i 

05 

p 

o 

p 

p 

oi 

PjAIOb 

'-p 

X 

Ol 

Ol 

X 

•tl 

Ol 

X 

p 

Ol 

p 

X 

X 

Ol 

Ol 

X 

Ol 

p 

X 

X 

X 

m 

o> 

I- 

cc 

05 

cc 

•b 

05 

oi 

oi 

cc 

CO 

I- 

X 

‘17 

05 

X 

Ol 

X 

X 

oi 

p 

X 

Ol 

Ol 

X 

p* 

p' 

ID 

p" 

p 

X 

X 

ID 

X 

X 

p 

01 

Ol 

o> 

Ol 

X 

01 

p 

X 

p 

X 

'ft 

Ol 

Ol 

X 

X 

X 

01 

X 

01 

X 

X 

X 

p 

Ol 

X 

X 

X 

p 

X 

X 

Ol 

X 

X 

X 

p 

Ol 

X 

I- 

X 

05 

Ol 

•p* 

X 

ID 

05 

p 

p 

X 

lO 

X 

X 

X 

X 

C: 

99 

05 

Ol 

X 

X 

05 

X 

X 

ID 

X 

Ol 

-p 

p" 

p* 

ID 

X 

iD 

1- 

p 

p 

X 

ID 

X 

iD 

Ol 

Ol 

01 

p 

Ol 

p 

X 

p 

X 

p 

X 

Ol 

X 

X 

X 

X 

X 

Ol 

X 

Ol 

p 

X 

Ol 

p 

Ol 

p 

X 

X 

X 

p 

X 

X 

p 

01 

X 

pypuaa 

I- 

X 

o 

X 

X 

X 

_ 

— 

01 

X X 

X 

X 

o? 

9^ 

ID 

X 

X 

Ol 

1- 

o 

05 

X 

1- 

Ol 

sns 

X 

X 

X 

t- 

X 

-p 

Ol 

X 

Ol 

p* 

lb 

p 

Ol  X 

p 

01 

Ol 

01 

X 

Ol 

•P9AT0S 

X 

"-p 

-p 

X 

Ol 

X 

p 

X 

X 

01 

p 

Ol 

Ol 

X 

p 

X 

X 

Ol 

p 

X 

p 

p 

-SI  (I 

X 

1- 

*D 

X 

s 

-p 

o 

Ol 

01 

!? 

X 

Ol 

i 

p 

p 

I- 

iS 

X 

;t 

iS 

X 

ID 

Ol 

Ol 

05 

X; 

ID 

1- 

05 

!- 

X 

X 

Ol 

1- 

s 

X 

1- 

s 

X 

X 

X 

O) 

-p 

p- 

O) 

X 

X 

X 

c*i 

X 

X 

X 

X 

p 

p 

X 

X 

X 

X 

C'lJ 

CO 

Ol 

Ol 

X 

X 

Ol 

Ol 

X 

Ol 

p 

Ol 

p 

X 

0! 

Ol 

Ol 

X 

X 

p 

X 

Ol 

p 

Ol 

Ol 

•Ittioj, 

‘Q 

X 

g 

X 

I*- 

§ 

X 

X 

X 

X 

05 

Ol 

X 1- 
^ pi 

■g 

05 

Ol 

X 

g 

Ol 

X 

Ol 

X 

Ol 

Ol 

S3 

p 

a 

X 

X 

o 

ss 

X 

X 

? 

l- 

s 

l- 

l- 

'-P 

X 

-p 

-p 

p* 

cc  cc 

p* 

p 

p 

X 

p 

p 

p 

p 

p 

p 

p 

p 

p 

p 

X 

X 

cc 

X 

X 

H 

< 

o 

s. 

< 

> 

25 

o 

a 

2 

cn 

u 

02 


•JO  PC) 


G . 
o • 


25 

< 

u 

Ch 

A. 


o 

o 


— c 

c/:'  £ 


ID  ID  iDXX  iD  -PX  XXiDOl'-P  iDiDX-P-P-^XXXiDlD 

o — x^  — oox  — oiciooioooodol  — ooo<6ooooo  — 

01  V 

— X 


Cl’G 


28' 


x:  « 

O '>5 
5 3 C 

-a 


•.Lqanj, 


* * ^ * -H*  * * * * -I- -I— * 


-*  * -*-■*-*  * 


Pm 

o 

M 

H 

P3 

Q 


C = 

E o 
ti  c 


slg 

-a-s 


•oyi  itjijos 


, — Ol  — Ol  X 

be 


X 


0)  - 
V2 


: 0)  r 0 - o : 
O 7^ 


<D 

: 5 0): 


O X f. 
X 

A) 


> »-  ID  01  X X Ol  X ID  Ol  05  X 01  X X X O I-  ID  — I 


01  • 
CO 


oj : : 

c 


o , 


5 d ID 

- 01  Ol 
; iD  .D 


8X3>XX  — Q05X-P  — 05iDiD'3'0lX05  0l 
rpO-^^iDOTXX'p’-TrcS-pd'-PXX  — 
XX-r-p-riDiDXXl-Xo6xdC5dQ  — Ol 


iD  iD  iD  ift  ID  iD  iD  iD  iD  iD  iD  iD 


ID  X X X X 


OiD 

to  — 
Ol  X 
X X 


•-P  ^ 05  a 
-P  O ''P  c 

iss-l 


Turbidity— * Decided.  § Very  Decided.  + Distinct.  5 Very  Slight.  ||  Slight.  Color— M.,  Muddy.  VM.,  Very  .Muddy.  T.,  Turbid.  C.,  Cloudy. 

(.’OLOR  ON  loMTioN— G.,  Gray.  B.,  Brown.  DB.,  Dark  Brown.  LB.,  Light  Brown.  RB.,  Reddish  Brown.  BG.,  Brownish  Gray.  Bh.,  Brownish.  R.,  Red. 

, Rh.,  Reddish.  \V.,  White.  Gh.,  Grayish.  Blk.,  Black.  GB.,  Gray-Brown. 


Table  14  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS-PARTS  PER  MILLION.  Report  Of  Ahthuu  W.  Pai.meu, 

T.  .1.  lU'KKII.L, 

SofRCE  OF  Water— Illinois  River,  Averyville,  III.  University  of  Illinois. 


^ ^ ‘r  ^ 
_c  S S.  = = ^ 


■no,)  JO  -siiv 
ao  ODUosoj,[ 


•mo;)  ‘aiv  JO 

oaiitBJJiilinox 


T)  ‘JOiH.w  JO 
DJllHUO(lUtO,L 


•aojH.W 

JO  niliiaii 


-< 
c z 
a H 

t “ 


•soji.niM 


rw 
a K 

K ti 


H Z 
O O 
2 

y, 


papuatl 

-sns 


•paAios 

■«!(I 


IBIO.I; 


p.piul 

-sns 


p,.\p)S 

-SI  a 


l.io,L 


■BtUOUl 

-uiV  3aJ,3 


38SSS 

:i5  — ^ « ift 

a:  « x" 


: : H-"-  : ! I ; -i-l- 1 I il  1 + M + I I M -I- 

Id 


^5' 


+ 


•r>  i-  X X :&  Q -r  c p p ir.  — If:  i-  X X X c;  -TJ  -r  t)  5-)  •a 

C'j  51  c-i  «?>'?»  ?» ^ ^ — j I I 


if:  p P p p X »f:  -T  cc  *p  X — p c)  ic  x P c P cc  *f:  — 

■^xt'  — xpp  i-i'-  rtp*^ccccppxxrjcc  — PC'>o:x, 


^ ^ V)  r)  Vt  ^ 

SxC'iSt^x  SSih^-^x-^  ^ pXxjC'^^j 


X <?>  -rj  p T c^>  -n-  X P X -r  P ^ P c*)  P x p IC  ^ ^ 

w p if:  p ci  ^ ^ p cc  '^»  X — p 5'i  o: If:  ic  — w 'T  2 S IT  xJ  ® ^ 

aC  -n*  ?c  — -:>  cc  ^ If:  -wr  X ’-r  C'J  Cf  1-  5)  p -r  M i-  l-  if:  i-  -r  C fc  ?» •?>  T cc  — — 


p ':»  X X -r  p X P X p 

cc  as  t-  3:  X If:  ?1  -?>  iC  .C  c » -M  — iQ  p c)  p o o p X C'l  -?>  »5  X If:  M X c x 

If:  x ^ X a:  o:  P o:  i-  X X i'*  X i'-  X X I-  X X i-  w X if:  ic  ’-ric  p if:  If:  p X p 


gos  o:  IC  — -^c  'M  p p X ^ -f  X X ■?)  § P 3 W ^ ij  5 

'M'MOC'iccc'JXC'icc^  — pp':)'«iTO’^^:o-rn'«x5:if:xc:i-^ 


pp-r  x-T_  X X ^_PC‘)XC‘JX3rppc->-r 

gjgppop90p^popxt-.i^-x  — 5ipJ6i^^p^^xg2^ij»9g2'*“ 


'*tP'M  Pg•'^^XP'^^^X':^  ■MXs-rPPPP 

— »Q22^xMpwu:oxi-«-*wxoxn  — 

^■Bj<ct:cc>^ccTt*cc:c:c?c5ic»C')C'}51cc?i:cc^cco 


..  sssss.? 


P X W go  Tf*  -N  -M  X P P P C'l  C''  'll  X P $1? .H 

X — ^X 'MM'  — ifl-f—*  — ^ifj  — — — OiXPTXX— x^^c^xxw 

’i»*if:’*r'*rif:-^iCif:if:if:if:’*i'^t'-ri{:if:-rif:Pif:if:p-rP^cc-^-rccT-r'*r-r 


00^  C'^XXP-^'N  P wx  xxx^p  ^ ^ 

OPPif:xxif:«rrif5^oci6p  — ^»^p-rpc1r>a:ift‘:m'  ^ ^ S 

(N  X ^ ?c  51  o -M  — w P 1-  cc  — ^ -M  C')  cc  — — — — — -v-  “M  *:>  ic  c:  P cc 


zg 

» S 

CT  - 

O o 

O 


•jornjiM 

pdsns  A'a 


WPPPl^fMCC  COOX-M^JC  CiPXWXWX  l«  iC -r  iC  O X i'*  ift 

^ (M  — — WCCCC  — — o — 


■pdAVlos 

■8ia 


i^^-^t^ccwcccoicxpii:  — -T^xicccrtpxxw  — p^‘^}t'•^:a:-T■ 


ososoo  — — NC'ico  — xooooasi^ 


M-xacssxxxpppi-pxxs: 


'Wojj 


p w — CO  CO  If:  a:  — t**  oi  c:  If:  x p i'-  — 


f X lO  t-  ic o>  1-.  — p c: 


•9uiiomo 


Wif:  If:  if: 


coosopi'-i^iftpi'-p  — -tpxcc'^p'»t'5:x5:pt>:0)Cjif:-»*psPC:  — j; 


O 0*2  C 

O O g;.2 
Q 


O 

►H 

t- 

< 

a 

o 

Ell 

-«j 

> 

w 

7: 

o 


w 

CC 


PtPud 

•sns 


X P P M*  Tf  X O) 


-T  to  prioicoxpp'^oxx  •X'^wxppox 

* d i-  cc  c c^j 


p.Apis 


W OJO)  XX-f  ^XO) 


X X -f 


XXXXX  XXXP^ 


liiOX 


'^P'MCOCOCO'CfPO^^'TiC^I-COCO^COiC^^CO  — 

POIX-^OIPP  X'>t'^>PO>  X-^O)  POl  p p o>  p o>  o>  P P o? 

oco  — X'Tif:a:a:POC--c:it:xppi^xif:«'-'T^l'-5^«'^‘<^  — »fJx-*-^  — 
if:pXif:cccoo)p«if:if:p'^xicco?:coiC*rcococo5)^':»^co’-r'*rT?*Tt« 


•popU9d 

•Slis 


C'JPOiOJp  0.»  XXXXPP—  XX'H'P 


p p 


— ■:)  p 


•pOAlOS 

'S|([ 


If:  lO  X If:  o)  ic  ^ o)  ’-r  w *:>  CO  ^'-  c Q t o>  o»  If:  X p <>■  p CO  if:  X X oi  ^ X p ' 

If:  CO  If:  o>  CO  -r  'O'  o>  ^ oi  p ic  ^ lO  ?o  oj  CO  o>  — — (^J  ^ 

XX  ft'}  C'>»r'-r  n''^'PX'^'?»0)P'^'f  XP-pXPOIX'^  ^ 


•*f  O?  'O'  P 0>  P -?•  X 0>  C>  t*  P OJ  "'T  Ol  X P X 


XO-lXX-r'fp 


\nm, 


2asS'.5SfeSS?5£i8Steg  = SSg8S2::«3ieg’£i£g 

XTfX?0^«»r'^CO’-fMWCO-^f5cOCOCOXCOCO^n'''^^'-rCOCOC^OiWCOCO 


•JOPC) 


<D 

c . 

O ‘ 

X 


o 

jr, 

*< 

e: 

•<1 

u 

c. 

& 


o 

o 


‘2_„g'i:.,>23_sSN_8gS3SS“S3‘53 


c/:  H 


h 

o 

u 

--l 

Ci 


I i-- 
"Si 


O 5 " ' ’ ' O ’ ‘ 5 ' * 5 ■ 

O ■"  ^ w 


o 

C - 


1*^0 
^ u "" 


•OM  iH|aos 


X O _>% :::: 


5J). 
3 • 
< 


•f: 


O*'*'* 

y.  a 


^§S«S:’g|;g3g?g'i5?:;;4«54’^'i3fei: ‘80558:51: 
5gg33.'^)^^SS.ft.3:!li?gx:(::5Sj!5glslss8§i33^‘l‘£ 


Ti'RBifiiTV  * Decided.  J|  \'ery  Decided.  -lUi.stinct.  J \'ery  Sliftht.  J Slight.  Color— M.,  Muddy.  VM.,  Very  .Muddy.  '1'.,  Turliid.  (’..(.lloudy. 

Color  ON  loMTios  iL.Uraj'.  H.,  Drown.  Dli.,  Dark  Itrown.  Ijli.,  Lixht  Drown.  RD.,  Reddish  Drown.  DG.,  lirownish  Gray.  Dh.,  Drownisti.  R.,  Red. 

Rh.,  Reddisl).  W.,  White,  (ih..  (irayish.  Dlk..  Dlack.  Git..  Gray-Drown. 


Table  15.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  AN ALYSIS— PARTS  PER  MILLION.  Report  of  Akthur  W.  Palmer, 

o ...  r . 'i'-  J-  Rl'rrill, 

Source  of  Water  — Illinois  River,  Wesley  City,  111.  University  of  Illinois. 


^ O ’r  i) 
^ 


y.’ 


•noo  JO  -sciv 
JO  aouasajfi 


•jioo  ‘.iiv  JO 

ajnjRjadLuax 


T)  ‘jatT)A\  lo 
ajiijBjaduiaj. 


■jaiBAV 

JO  mSiaiT 


en 

C Z 
U 

z 


•soiia-jix 


• *!:  » ift  o c e « o Q rc  ic  o o o o o o o 

. X O -f  O Ifr  e — in  -5  -r  Ift  J - o 1-  e -r  *r  ^ • 

. 1- X X r:  — 1- ^ X ..-t  lO  c-i  — ^ •* 

; — — — * cc  ?o  ^ • 


:+++++  :+++  :++  :+++  :++  : 


• — L-  O O '-r  O w 

• C”)  CC  CC  C-)  cc  ?c 


•5^ 


^ X — if:  iC  '-C  » ic  X -j*  o ^ 


CO  »ft  lO  lO  o 

fO'«f-:Dxxx'C'}:CiOi'“  — — C'i—  wc'iw 


Ol  OC  COTJOC  CD  X'M  X cc_ 

if5;0*^?JC0:DW'^-rXcC'^Xl-i0'*»'XXX  COXXOC*^ 


X-W^XXOC  I- C')  wot  XX  w 

o W — o — — ' C'l  -W  O C>  ^ O w to 


lO  iO  W lO 

»c  w w Q Ir  Q5 
lO  X o o o o o 


O Z 
?? 

< o 

§ ^ 


CO 

< . 
'A  - 
W 5 
o s 
Ci  s 


A y 

U M 

p 

O c 

o 


papuad 

-sns 


X X O')  C'l  X CO  ^ C'!  CO  Cl  -ri  X Cl  CO  CO 

’—Tt'xci  — ■^xciXTt-owa50xx-rco»o*n*ciir:ccX’— 


•paAios 

•SKI 


_ C)  Cl  X X Cl  ^ 'Xl  CO  X X 
OtXOi^'1‘iOQtOiO*f-5'^fO 
X O W O O ot  X X X X O Cl 


?gg 


> ^ X w 
J W X w 


mox 


CO  CO  X d 

r-CO'^Cl-r  CIXCI'^CM'-XXX-t-’-fCI  — -f'QClCI  CO 

OiOCOXC?-^  — Ol'-C>  — C:XWXX'*rX-f-rXX—  05 


p.pucl 

-«ns 


iCciZ-$3.<?jccx  — '^'j^-r^Sodd-vO^ow  — 05 

;^^^0^_COOiOCliO  — ClXXWO:X'*l*W  — dd’-'O 


P,A108 

-SIQ 


gpx^to  iftodcoox  cOift  — — xcocii-xiod  go 

Cl^-^CO^COiCCOXXCO-t*X?OiO'^*fXXiOXXX’^CO 


[.lOJj 


XXX  n*'f  ’-t'XCiX'^ 

■^CDQ-i*-rXC0XX-t-d^QOXClC0-T^XXC005  — X 

cDiJtiO'^’^'^xxxiootiO  ®i-x  — xcoi-ci'n’iCiOiO'^ 


UlUOUl 

-mv  a?**!^*! 


Cl  ^ Cl  Cl 

tOX  XCOt*ClX-^-^CICO 

I-*  ^ ^ *-i  Cl  Tt*  lO  Cl  Cl  ot 


X X 

gxxxxxci  ^^^^ci 
O X X Cl  X Cl  Cl  X W Cl  Cl 


— — CIXX  — CIXX 


•aanuK 

pclsns  .Ch 


CO  w 
CO  CO 


Cl  lO  W — 1-  Cl 

ci 


— ^ d X 


' Cl  Cl  »C  Cl 


pdAio« 

-'^H\  fa 


X X 

0JO  — — dCl-1>X— 'XX^W  — — OtOiXWXXWXOt 


3 Tt<  lO  C 

- ci  ci ' 


. X X o;  Cl  w X X Cl  Cl  >-  X 05  -T  03  w 
3 X ■ 


X iC  c 
ci  <■ 


3 03  Cl  X X X 03 
3Cl'-1*tO-“'^’— '■^C 


XX-^-1-CIXtj*X’— I I0  03X 

>OXI--XC103030W0003-^ 


•aiiuomo 


iC  X tO  tC 


) — XX  X 03 


X X X W GO  lO  « »Q  X X X 

lO  X XXX  X to  tO  tO  X X X X 


f ^ 

o o uS 


- — 0^—  — — O — WN 


E- 

< 

o 

&< 

< 

> 

t: 

o 

u 

g 

03 

u 

cc: 


Pjpud 

-sns 


XXX  X Cl  OXXClXTj*XXdXClX'rf*  X ddX 

cico»oxdcox»-co  xco  co  — X'^xoco^-^-^ 


P.ApiS 

'81(1 


-rXX'^'^XXClCl’^ClX 


-f-fxcici0l'^x0300:ci0xx0^*-000di0-^l'- 

WiOd’^^.OX’-'-riO'^X-riO'rXdtOTt-X'^X’^XX 


XXCIX  ClX’n'XTj'XX 


I.10X 


Cl  X X X X X X 
05  o — X w X w X X — d*  CO  o ci  o:  d -r  Cl  X 't  w X X GO 

WiC*r^diOX'«rXtOiOX^X^XXiOTt*CO'^rf-^X^ 


popuod 

-siiS 


Cl  -?'XClX-fCl*»»«X'^X  XXfClXXCl'^XXXX 

coxddoixxiOGCxcici'^iootTt'oi’^xiocidxd*^ 

COTt'WWTj-TfXCOXX-^Cl  "-f—  X ^.-iXdWd^- 


•paAios 

-sia 


•■r  -r  -f  Cl  X Cl  Cl  X X Cl  X X X Cl  '»r  X 

X X d X o d 03  X — o X i"-  X to*  ci  ci  d Cl  Tj*  w X CO  X d 

X »0  O ^ lO  X W X W iO  to  lO  »Q  X tO  03  Cl  X O X X to  Cl  lO  X 

X CO  X X CO  Cl  X dXXCOCOXXCO  X x x oo_x_coj^ 

c>  ^ -r  Cl  Cl  Cl  x’  X X X X X -r  00  x’ci  x ci  x ci 

d d ci  03  d w w ci  03  GO  to  d ci  d -r  X ci  3-  d d d w d X ijo 

030WX03d«CIOXXXXXl-03XCOd03  03  WOl'-03 
X'^XXXX'^X^XXXX'^'^X’n''?J''^XXXrrXX 


•aopo 


o 

A 

< 

K 

< 

H 

&4 


o 

u 


^ ,«r;  ^ <0  -<  <c;  ^ ^ ^ 


(/:  a 


A\q.nix 


c ^ 
J.9 


-*  * -»-«•  -W+-*  * * *+-*  -t-*  * * 


« — GO  X X Cl  O X X W Cl  03  W 03  X X lO  < 

- Cl  d — Cl  Cl  X Cl  — •—  Cl  — Cl  — " 


o 

H 

h 


C ^ 

B o 

X 


s 


03  ^ : 


^ 
2,  • 57 

c/} 


- o 

o 


: : o-  : - 


o .. 
a>  - 

Q 


o . 

g^g 
2 0-2 
u ^ 


g W d < 


d d X to  Cl  X X o X X w lO  Cl  X X <: 

^ Cl  Cl  Cl  *-1  d ^ Cl  X ^ d ^ c 


X o 


03 

(/3 


- GJ  . 

o 


>c 


•OK  TBIJOS 


Cl  — X ■■ 
Cl  03  O I 
*- < « Cl  c 
tO  lO  tO  t 


XGOx^3:2:«^ffixo3io  — xwci 

-rXWWX03  03Xd-“'-"C>XX2i2 


■ o 

IX--  . - - . - - 

: tO  tO  tO  tO  tO  lO  tO  tO  lO  tO  3j 


> X X X X X : 


03  Cl 
03 

S“£ 


TuRBiDiTY--*Decided.  § Very  Decided,  t Distinct.  J Very  Slight.  ||  Slight.  Color— AL,  Muddy.  VM.,  Very  Muddy.  T.,  Turbid.  C.,  Cloudy. 

Color  ON  Ignition— G.,  Gray.  B.,  Brown.  DB.,  Dark  Brown.  LB.,  Light  Brown.  RB.,  Reddish  Brown.  BG.,  Brownish  Gray.  Bh.,  Brownish.  R.,Red. 

Rh.,  Reddish.  W^,  White.  Gh.,  Grayish.  Blk.,  Black.  GB.,  Gray-Brown. 


w — 


• f'- 

^ a o 


o 

o 


c> 

as 


O 

o 

< 

I— I 

o 

O o 

Eh  ^ H 
O ^ 

)— ( -r  _ 

Eh 
cn 

►-H 

Q 

>H 
r,-* 

-H 

H 


K 

X 

s 

(ii 

I 

M 

M 

>• 

J 


< 

'■/! 


5^. 

O 

t— ( 

H 


y. 


C 

. 

W X 
■J) 

U 

k-H 

H 

'7) 


:d 

W 

u: 

H 


CcJ 

(XI 

O 

5c 

-3 


::: 

c 

fL^  X 


.1  U. 

4/ 

c3  3^*r  c r 
:s  -r  o 
^ ^ n 


c .j  u ■? 

y. 


no,)  JO  -siiv 

.lU  O.XIOSO.lfi 


ilUX)  MIV  JO 
oannuotlmoj. 


\)  *.un\8A\  JO 
o.nu«*io<iuiaj, 


Ma)«AV 
JO  Ul^ihoil 


< 
C 55 
s:  H 

t ^ 
y< 


O 55 

- w 

< o 


CA 

< . 

55  - 
a 55 

o o 
c ?; 


popuod 

-sns 


•pOAJOS 

•«Kl 


p.pud 

-sns 


P.AIOS 

-sia 


ijox 


Tiiaoxn 
•UIV  99‘l^^ 


a 

O o 
o 


pdsng  Xa 


■paAios 

-81(1 


•imoj, 


•auljomo 


U*  I 

o rt  c 
^ n c A 
O O bC-X 


55 

O 

2 

O 

On 

< 

> 

« 

v; 

o 

M 

2 

m 

u 


p,pii(l 

-BUS 


pjAlOS 

-SKI 


1.10X 


•popuacl 

-sns 


•pOAlOS 

-sur 


itnox 


•JO  PC) 


M 

U 

55 

•< 

o: 

H 

OU 

A< 


O 

o 


'C  ^ 

i 0) 
XE 


' A’.(ijnj, 


Pn 

o 

u 

1899 

Exam 

natior 

► 4) 

5:  5: 

H 

< 

6 . 

a 

^ ~ o 

. <1^ 

C3  : rr  1 

•OM  iiMJOS 


? »r:  o ic  • 


•r;  w iG  C-  if?  O 0 O ^ w t(> 

r-  . 1^  4-  « <:•)  'T)  ic  o 

^ b . c:  ir:  •c  c:  ift  b — — 


8'Si--‘5g 


. . : : :-f-}-  I i '•  l-  :+  :-f+++-f  ;-  i-+  :+-^ 
2;?i???^;E2ig:Sxi;rz?:5i; 


— ^ ^ ^ ?5  ^ Jr  ?>  ?1  ^ ^ ‘ii  a!  a!  *jl  XI X TI^JUT 

iQ'OX^'O  If:'  •?:  If:  o :o  .‘^  . .*^. 


b -5  w 


-f-f 


c»  ic  _ ^ ‘S 

Soo  If:  -p '-f  I'.  if:*x>-r^>®  ^ 

— rcc'>cc?c'f)'^c^«c'»  — — — -rcc  ic  — ciiwwOa 


^s_Sj-.525:iie2;(S3-fx-8582ss5x:-??-:g.?s 

3 ift  ic  5 If:  ^ w i>-  o X ta  4>.  o:  — X «5  :d  X If:  X r5  t) 


SSSSgggSflSSSSg  S^S£ig;rg;g£^SSSS3S5E 


wiciH.^;©  ^$x  X S *a  X c-i  x -^ci S S 32'5r  5 

— 'Tfxbic-P'-rwo  xcc-*rif:xi'-i'.x  — occ:awb^:'ixC?:c>  * 


_gcc')  ^<D  x:dx  -m  io  :r”*’«5C'^_,'TX?'>C'>3p 

coxo:*^^ai{:;D^?D’2‘if:?iXi-  — *acccxxbo®c^?abxif:  — $ 

o —*  'M  — ' — 5^)  — o — w '-p  — cc  i*-  ^ M w w ?■»  — If:  o 5^  — w 


C'>;C):0’T"XcPC')X-^  XC-J  C*)  :D:p:OX  cD50*p  «0  TT 

x»(5^«ooTj*^cooOQX®if:  u:x  — cc  — S ’-‘Co-^-i'^ccxc^S^s^  iS 


X to  -S'  50  w X O')  c-}  b c)  ©i  x rr  9t  S *5^  ^ 

lobSiOici-iob'-rc'Si'.'^'^ptoi-xioto  — r*xi'-cbif:-rb?:ci-if:-p 


8Pt.  «o  TP  X c-)  to  to  f > X 

COtO-T'Mf-X  <MM^tOJ-QXM^^  — 2i?:4-  ^^50-a_C>_tOX2' 

^ 05  lO  1-  ift  ^ X $ X to  25  TP  TP  cvj  c If:  ’»r  « to  X o ^ I'*  If:  X o:  to  ic  S <b 


;0  c 
w CO  X ■; 


)XC'l  TptOiO  — X'MCOtO'MCOOtXX 

— — C'l*—  ■— l-HNp-^irJ-Np^fNflN 


. cc  to  ^ X 
; * « to 


i75( 

cc  CC 

X "wx-f-xc^l 
— cc  — cc  — 


CO  w to  <; 

^ 6 r 


icotpco:005X  loi'-otxx  -lO  w 

'C<ic0C0C0^05C0C')  — »*tC505  1'^X0:x'  •-•oic'll-^ 


lO  lO 

to  to 


OI  05  in* 
X X 05 


XXX 
X -"P  '^  ■* 


_«tOX  If:  X X N — X — <N  X X TP  X to 
• lOiO’^ifico  — lOcooixTp^xco-p  — — -toxx 


lO  OJ  X 

Cl'*  c 


to  I-  05 
o:  05  05 


X lO  lO  lO  lO  IC  O)  lO  lO  I 

lO  lO  If:  '-p  td  CO  to  ® oi  — t 05  lO  X CO  to  o '-p  to  lO  X to  -J  lO  Q o>  Q lO  « : 

’-'’-I  — ^,-.l^5^co’^xcorl^ic5■n•’^lf:•p■lf:lHl£:co50to25lf:lf:xxc 


fCi 


; ^ ^ ^ ^ -c  x:  jz  j=  ^ x:  iz  £ j=  ::  r ^ ^ .j 

.Kffi -OOOOOOCCJOOCO"'' 


OJCO  OOltO^PO)  xtoxtotoxao-p-^’r'  tO-pTPTpxW-PtO-PXtC 


XX-^XOtOX  COTPtO  OJX  XtO'^tOtOXXXXTptOTCOO) 


X X to  -P  to  X X X W 01  O)  to 
^ X -p  X — oi  oi  oM>*  w id  c 


01  X to  oi  oi  Ol  OI  to  to 


Ol-P  XXtOX  -n-toto  — OIX-T-P-P  ^x-^  -PXOltOTpXtOOlX 

?i  3?  S § g S S :t ;;  )fi  8 ??  = ?i  * 2i  2 8 ;e  * ?i '-: ::: ::  vi  2 


to  -P  X to  Ol  01 


r’'P2'^3ft’"*^’"‘G‘jlQ2'>5'f‘?*OcocoTrxn'^50«o»^oixc5»'-coc 

x-^toto  — OW  XXOCtOXXOl-P-oi 

Ifi  ^ S r*  * Sr  ® ^ ^ id  id  d 01  id  X ••  c X X 05  Ol  to  id  to  x 

— 

c ...  - f:  c .........  

o —O  

ccX 


'c  z: 


j=  .S^ 

tc  — 


J=  2 
^ i: 


X ^ 
. ^ 
rt 


§_l2r,c^>’i;S'£-S=-.8S£-  x38!=-83«S38SSSSS 

^ ^ ^ ^ li,  ^ Cch  ^ A ^ ^ ^ ^ ^ liu  ^ ^ ^ Is.  ^ ^ ^ ^ ^ Ii.  Un  ^ Ci.1 


? ®-a  a 

V-  *N  r.  . . ...  — 

c-c' 

o 

^ o — 

**  * * # -♦-*  4-»  -K+'.p-*  » -♦-*  « + +. 


* 


^ O >'.  3 


Kli.,  f{eildisli.  \V.,  WhiK;.  ( ih..  (iriiyish,  l!lk.,  Mlack.  (iU.,  Cray-Urow  n. 


Table  17.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Aktuuh  W.  PaL.meR, 

T.  .1.  BuisitiLL, 

Source  of  Water— Illinois  River,  Havana.  Universitv  of  Illinois. 


oCiS-Sc- 
“ a) 
A U 5 


■IIOQ  JO  -sqv 
.10  OOU  3S3J([ 


•JU30  MjV  JO 

oanjnjodiuox 


T)  ‘Jom.u  JO 
O.ItnB.lOiUu8,I, 


■JOPLU 

JO 


-< 
C Z 
c:  Et3 

t,  ^ 


■soij.iqiii 


S ic  S -S  X ^ iH  »(? 

o ?d  « « — ' tc  « CO 


:++++•"•  I 


SSSSS.iSSS 

»0  Ol  --y*  in  ^ O 3* 


++1 I++ 


piiiiii 

01  — X o iO 

— CO  CO  »n  to  »n 

CO  ^ ^ -1  lO 


+■'•+++++^- 


l-.  to  !>.  -r  Ci  O lO  CO*  O — w CO  Ol  O')  l'-  CO  — O Cl  X in  — O!  iO  --r  C'>  0 
0)  CO  O)  O)  O)  CO  CO  CO  CO  O')  CO  O)  CO  01  — — — 0!  I 


»n  :d  »n  to  to  D-  ^ t"  *«o  ^ <51  Cl  O')  -r  cc  •'f  m t'*  O')  Cl  w o — ;D  O)  o)  — 

O'W)  ^ O')  O')  O)  CO  O')  O')  O)  O')  O)  CQ  ^ ^ ^ 


• t'»coxino>)i>*-cix  ^0)  oi'^toto  too)  »n‘X.i--r  xco^ 

*X01Xl'-inrp*0''^-T-T''*?‘COCOO)0)0-)COCOCOO)COCOCO'^CO'^'»t'CO-r'^ 


o)  X to  o)  o)  to  o)  X to  -T-  to  01  to  O')  to  to  X X O)  to 

to  o in  ct  o)  — I'*  o)  X w '-t*  to  to  CO  to  CO  to  to  X »n  I'-  to  X O')  *n  '-ri-- 


in  »n  O')  »n  »n 

O)  i'-  o)  I—  'th  to  -t*  X CO  X t'-  CO  CO  — o in  X Cl  »n  o)  i’-  in  x x x x 

. — — 0)0')’— 0000  0)»t*t-tOClXO)0000'C: 


< O 

n 


rf) 

< . 
K 7- 


papueti 

-sns 


to  T to  X O')  to  X O')  O)  O)  to  X 'T  0 ) O)  0-)  tO 

•'t-fcocioi'»oci>:ot»)'-o)-rcicii>*:0  toi^xxoitoof  cixxint-xo) 
1 (O)  o)  CO  — I-  m CO  CO  CO  o)  o)  w TT  ^ in  X in  X m in  -n*  o I'-  X 0)  X in  ’n*  c.  CO  o t-  X 


•p0AlOS 

■SIG 


X'^’tOtOO'lX-’iJ^  OlXXXi  O')  to  TfX  0')X'3* 

int-oi  — tooo'im  — ^xo)tocio5o5o5-ro)  oitoi-^  Oi  xc:xo)i'’*oo-t' 
xcix-^xinxxO’— xi-t.'-i'-i-’*i-»t-xc:  xot-too  mxtoinxxcix 


•IBlox 


01’— •coinin—  xoixto  X'^oioi  oito  -C'too)to0')x  toxoix'^to 

MO)  — •I'OOl’jf-^CO'Tr—  0 0)0:X'’rTf‘t>in'^inxcoCiO')CO'-f  — -rO)xto  — 


p.purt 

-siis 


O)  X X to  T ^ 20  OQ  O')  QQ  O)  X ’’t'  20  0 ) O)  X X X O')  -f  X _ 

coinMi'-xMt6o-rMxai-rtoxMt'’»0')'’^*'-toO')xxr^ci»nxcoc)0)0)C')x 
o)  o — — o — o — o '— • o — — o — O')  X o)  0^  o)  o)  CO  — o)  — o)  0 ) X — o)  CO  in  o 


Pi^lOS 

-«ia 


-r  UL<  uj  uu  X in  o)  X in  in  X f-’i  x 0^  o O')  o)  w ^ CO  X S X X I'n  CO  CO 

O)C0C0C0XMXM'-rXC0  0-)O)XO)XXM'*»i'^0)X'’^^’^'«r'X'^'^0)XCO’^-t' 


\A0Jj 


XXXGvJO)  X XXTtiOlO)  0)X  ... 

X'jfXXn'  — — — — X — X — ’’!)^XXCl''^’-r^XC5XXOt'-L-  - - _ 

'^'^*rin”r'^-^'inin^'!f^*T*'^co'*cinxXx^xi'»ini'«xxi''»t'»^inxciin 


•viuoiu 

-mv 


- to  5 X O) 
-I  in  o o w 


'’5*  0)  S c 

X i'-  X ; 


j-txi'-o-’fxoioinco'-t'  I'-x  xxxx'^ 
1 X Cl  o in  m 01 X i>»  'V  X X X in  i-  CO  o)  i'-  m o) 

— — — O)  O)  CO  CO  — O)  0) 


2 
r.  M 
a « 


•<  so 
O c 
o 


pcisns 


— X X '’C  - 
’ — O')  — » 


■ X X 
( —CO 


— X I-  < 

— O) 


• 01  in  O')  in  I'-  cii^  o)  o)  -c*  m o)  X o)  — o)  ”?•  X 


■pdA|OS 


— O')  X X 

10  0)0)0 


m 

Cl  d — 


m X 

0)  X — 


O) 

— d 


l'.  in  XXX  in  O')  XXM— X — c:  '’ti-r’'’}«X 

— o — ci  d X w X*  ci  o — 1>- 1'.  Cl  X I-  I-  X ci  ci 


O)  X -O' 

i — o)  in  — 


^ X X 

d ow 


— — in 
X 


X 

O)  — 


t^i^-rx  —Cl  CIO)  X o) in  X o) 0) in  X X -r 
O')  — CO  X o)  X o)  O')  O')  m X f Cl  o d X X X ci  d CO 


•oupiomo 


-xxxx  — in^fc 


in  in  0)  in  in 

■ dxcoi’^coxx'^into 


5 C c § 

O o tcS 


--'^  — — — — — — — 0:5^5000000000^“"^'^"^'^’"^^'^^'^ 


s: 

tr. 


A 

C 


Ch 

< 


p,pu(l 

-sns 


OOXX  ^XXXO')XXO)-!j’-C*TfiO)XO)X’’^*X’’»'-t'  -Ci-rX  OlOlXXOl’rj’  — 

— ci  Tji  — d — O')  CO  Tt*  O')  — — d ' o)  ' X X O)  x co  co  in  — x oi 


P.AIOS 

-SKT 


G')-^'0)XX-tiMX  0)X-^*-fO')  0')-C 


MrrCOXX-rTf  X0)0)X 


O O)  ^ X X O)  X X 
in  X ^ O')  X X --f 


xoixoi-*  — 0)Xin'!t«ciX'-t’O  — xciw  — xo)0)ciincio 

o)xx-’t-t*in-’yx-y0')0')^-t’^o)O)  — — 0)^coo)Xxxx 


X ’’t-XXM’-l'-^OlXX-tXXXXO)  — XO) 
- ...  ..  .-cioX'^cioi'^xino)  — 


-sns 


rpapiiod 

I 

o 

a 

u 

Q 


OIX’-^'XXX  O)X'’J‘XXO)O)0')XXXX^XX0) 


X X X X X X 


rriS'?'>:r2?iX’'fxxo)0)i-x  — cixQO'iinoM 
xco-^x  — — Tfi'-x  — — X’*t'xxxint'-ci 


X in  -r  Q o)  • 

x in  in  in  - 


a 

02 


•P3a\[0S 

-SKI 


oxX'ii*  0')xx'^xx-t^x  xo')g.)’*r  xx 

x^X'’rxdi^co-t2cxdo)''i-d  — i^'^do')^ 
oo  — ^M  — — --fO)  — in'^ro  — o)-r'’t*co  — inoi 

<?)  X X CO  XXXC'^XXXCOO)XXXXXXXO) 


XXX  _ X 0-) 

o)  — d o)  in  in  • 
“ — m t'*  — < 
X X ’ 


X X O')  O')  X 


0)X0)X-fXX  — XX'-rXOlX  XO) 


— Cl  X X — X — — Cl  X X m o o X in  CO 
-tiiniM''rxxini'-cixin^-r<'-  — ociciO')x 
cox-^’coxxxxxxo5xc'^x'’r'-rxxrfx 


X X X O) 
-O’-J-O  — 
— -r  ^ 


X w X m X O')  X 
X — Cixxxxt'- 
Tji-rxxxxxx 


y: 

>> 

o 

■+)■ 


•Jopo 


< 

C2 

< 

a 

0. 


o 

o 


3SS_£S‘£^8^$fe«?BgS8-38$;£!SgS3SSgS2:|S 


£ 


A.qanj, 


&< 

o 

a 

◄ 

Q 


S 1-2 

00  TO  *a 

""  K c 


ill 


,l  . . . 



A 

V 

o'!? 

ol 

c : 

S ca  - C 

o 

•-  O o 

u 

o -r- 

3 C 
— O 


-****«■**  * * 


-{-*  * * -T--* 


X O I- 


. — — .^^^gt-cxoi-xoi'-’tf  — W’-f  — XlnC')ClXt^)ClXxoxln•- 
-0)X  — 0)0)  —0)0)  — — 0)X  —0*0)  — — 0»  — 0')X  — 0) 

, . c.. . - i'.  - - , -i. . . . . 

.».#  ^ ^ ^ ^ - - • - * ' ■*  o--'*  O'*'*'* 

ir.  O y 


4)  - - 


o)cixxoQxoxinMCixo')cixxxxxQi'’-’»j'  — xin  — xinoicixxo 

— O)  X X — O)  0)  — — 01  — O)  X — 0)  0)  — — O)  — O)  0)  — M 


CJ 

C/3 


-..O’ 

o 


- : o: 

y 


8 — X X X X X X 0)  — )-  n*  o — o in  Cl  X Cl  o)  X in  o — X — Cl  o)  X 

— rr  i-  — o)  <0  — o in  o -'T  c:  — o '1  Cl  o in  Cl  X Q in  o w — in  — in  o)  X o)  in 
vix  CT.  o o o — — n»  o)  X X -r  — — »6  X X X wx  X X Cl  Q Q — — o)  o)  X CO  — — in  in 

I - _ _ _ - - “inininininininmininininininxxxxxxxxxtoxx 


Color  ON  IiiNiTioN—G..  (iray.  I!.,  Brown.  Dli.,  Dark  Brown.  LB.,  Lifjht  Brown.  RB.,  Reddish  Brown.  BG.,  Hrownisli  Gray.  Bh..  Brownish.  K.,  Red. 

Rli  , Reddish.  W..  White.  Gh..  Grayish.  Blk.,  Blaek.  G B..  Gray-Brown. 


c 

o 

< 

o 

I— I 

a 

o 

a 

o 


0 

I— I 

a 

E-i 

(f) 

Q 

a 

l-H 

c« 

1 

5^ 

O 


w 


75 


r? 


p2 

r. 


I 

(/: 

c/3 


p: 

w 

H 


> 


>^4 

V3 


U 

a 


y: 

< 


< 

y; 

< 

■jj 


E- 


o 

u 


o 

■>3 


w 

Ch 

75 


00 

u 

o: 

< 

H 


uriBiijiTT—*  Decided.  § \ ery  Decided.  tDistmct.  J \ ery  Slight.  J Slight.  (Iot.oii—M.,  Muddy,  \'.M.,  Very  M iulil\ . T.,  Turhid.  (’..('loin; 

CoLOB  ON  Ignition— G., Gray.  Ih,  Drown.  DD.,  Dark  Drown.  DD.,  Light  Drown.  KD.,  Reddish  Drown.  DG..  Drownish  Gray.  I!li.,  Drownish.  R.,  Red. 

Rti.,  Reddish.  \V.,  White.  Gh., Grayish.  Dlk.,  Dlack.  GD..  Gray-Drown. 


Table  19.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATKR  ANALYSIS— PARTS  PER  MILLION.  Report  of  Artuuu  W.  Palmer, 

T.  J.  Burrill, 

Source  of  \\  ater— Illinois  River,  Rearustown,  III.  Univer.sity  of  Illinois. 


“ o h ~ 
d 5 £■=  = S 


' C 


•no;)  JO  -sqv 

JO  0.JU0S9J<1 


•uiao  •Jiv  JO 

OJllJUJOll  lUOJ. 


•;)  Moti)A\  JO 
8.111  jiuoduioj. 


•jojn.u 
.10  tqtliaH 


: S S ? li  S 5 S 

• -riC  O I-  O X i'- 


; : M I I : I 


^ 3:  ^ -r  c?  i - ^ ; *51  5 tr.  ^ 

•fj  ci  c-i  -- 1'-*  *5  o ^ 3 ::r  ^ 

•?>  -r?  CC  ® 'M  c:  X •t’ 


f ++  I ++  I ++++++  -+-1-++  : 


c-l  « S')  'M  CC  CC  CC  'M  C'l  CC  ^ j | — 


• • xii  »c  ifj  ifj 

• ‘piftoix  — ift’—CC— 'OiCirj  — iCCCOXCiMcdc'jo^D'^COO 

• • C>  C'l  T!  C'J  O')  f>\  C'i  -ri  'M  S'!  — C'l  — — ^ 


c:  X X 05  X ^ Oi  CO  -M  O'!  oi  ’fr  oi  X CO  If:  I-  :o  X -?>  o X — 

0 --  c:  d 0 :0  i-  :d  CD  iO  O d w d ;0  :d  :d  *x>  o d I-  «c  ;o  ;0  I-  I- 


cn 
< 
6 5C 
:£  » 
t ® 


wr»  — X — — o c:  o If:  ic  'W  -r  -r  CO  X c 


if5  ic  If:  if:  CO  If: 

8Ss^i^Ti5-''MS-*--‘SSgSS‘aS^:-j.i-'M!5'5SS8'5 


u r. 

- a 

< c 

ti  ^ 


z2 
a ‘A 


s ■< 


y, 


A a 
a 5 


— 5 
'^a 


papuaci 

-sns 


XXXCD  X XC'lCOOJXOl  ■2-X’^  X0):0 

?o2>oi:oxco-TXXCcif:i'-rt-C5CDOXXXXi'-cC'^o>0'icoir::0*.o 

^ i'"  cc  CO  'O  *T  oi  ^ oi  0 1 ^ if:  X o'  ^ ^ o'  o)  w co  oi  m i"*  cO  ^ o i 


•p9A|0S 

'SKI 


oioioi-^  o>  oix-txoix  cpco-T  CO  'H'CO  co-r-rcoco 
CO'^X  — *X>C0  05  M-rcO-r  — Q'^^l-'COOl  — COX^X  — -rxi-o? 
X T w X:  I'*  ® a?  o CO  CO  I'-  X if:  CO  'f  If:  CO  m CO  CO  CO  1^  ift  oi 


■IBJO.L 


■n-X  '^Ol  X'TTX  X 

O — X X 01  X 0>  X 0>  0>  X XX  Q CO  O'J  IQ  ^ W X '*1'  05 

Oioi.—  o X010050C5  05  '-  0:3:^  3cocoo)c5o5-fOio>  — 


p,pu(l 

-sns 


§X  X Ol  X ^ 01  -t«  X X 'fT  X o>  o>  Ol  X X OJ  O)  X X oi 

iQC0XX0JXXXX«—X01  — ^-^l-  — — — ®OiQ  — — '-t'C0  1^  — 
o^-r  — O — OOOOOiOX^O-*  — — — ’—OMOl  — -^0)X  — — 


p,AlOS 

-8KI 


X-f^T^Ol  X-P  TfXOlXOl  Ol  X'^XOl-r  XO>X^ 

X O)  O iQ  W O^  X X O)  Q iQ  o:  X C-  t-  0>  X X X lO  O 0>  O'  X W X O 
01  O?  X 05  0>  CO  0>  01  0>  CO  Ol  Ol  — 0 > Ol  0>  0>  X 01  CO  X CO  CO  X X 0>  Ol  CO  CO 


li^OJ, 


X X O)  X 01  X X 't*  X OJ  X 01  X ^ 01  01  X X -ff  X 

XXX  — iQ-^OliQ.MX  — Ol-^CCOIX'SJ'X  —XiftXXXOlO-P  — 

x-ri'--fCo-^xcf5xx'TXif:xxxTfTr'^^-*?'X»f:'^'^»oxif:’n‘ 


“OIUOUI 

-myaajj 


X Ol  Ol  X X X X oi  01  X X _ 

01  05  01  c6  01  iQ  01  X *r  — X -r  OM- X 1-  XOIX^^^'^'^X  — 

--fX  — Xl-XCOX  — -^'•'j'rj.-pXiCX'^  — XO  — '^OCXO-T'^COCO 

— — i * — oix  — — — o» 


pdstis  A'a 


— I"-  X -r  oi  01  -!»*  05  oi  X oi  X oi  X X If:  X X I-  x o:  lO 


-XX'^Ol  — -Tf  — — — 01 


' — OI  OI  OI  — 


•paAjos 

-8?<i 


X 01  I-  0»  05  X <-  X X — X I-  OI  X OI  X 


•imox 


0 O O X X o * 

01  X I'* 


; 05  05  X W If:  X X X 05  W I'*  X l-»  X l>  05  05 
"oi’oi  tC  OI  05  X X 05  iQ  oi  I-  X ift  OI  '*»'  05”^  CO 


OIXXOI^OIX— iOOC5XXX05Xr^05XXX05XXl'-0:05  01  — 


•0uuotq3 


B c c ^ 
o o m.2 
o 


y. 

c 


c 

cu 

< 


r. 

o 

a 

0 

CO 

a 

X 


p.pud 

'Sns 


X Ol  Ol  Ol  X 01 
05  — — iQ  xei 


XX  X -t* 


X -r  X OI  X 

oi  oi  01  — X CO 


• 01XXXXX'!t^'^ 

■ CO  01  oi  oi  — CO 


pjAlOS 

-SKI 


>-t<  --t.  ^ 00  X 


Cl  X OI  X 


XX  Tji  -rr  X X 


3 lii'iox 


XX  X ’^OlXXXXrf 


XXXrti’^X'^X 


0105XQ010  0105-f  — 05  0>XX005’^XXXtpOO'^05'^OXiC 
T}’XXi?5XXX'V-t'’^’^X01XOlXC0-H-^^  — iCXOl’-t'Tt'TfOlTji 


popuod 

-sns 


X-T'^OIOIX 


-^OIOIOIX  ’*r-t'XXX 


1-QX01XXXXXC1  — — C5Q- 
X o X — X X If:  X OI  X — OI  X ► 
— OI  OI  — i-« 


•paAios 

-sia 


OI  X -r  OI  X OI  X X X 


OCX’^f'OlX  OIOIXXX 


lO  X 3*  ® OI  o lO  0»  X X X n*  o OI  ■3*  X 01  X — •i'  W — OI  — X O W OI 
I-  iQ  O O O'  -r  — O cc  X c6  0»  o OI  Q X 3*  — iQ  05  05  X T X OI  -t  X 
OIOIXXXXXXOI  — OlXXXOlXXCOXCOXXXCOXC^XXX 


X OI  X OI  -r  01  OI  01  OI  o>  OI 


XXX-rXOl  OlOl  XX 


'mo,i 


OI  05  OJ  — X 05  X 05  lO  ® X 05  O)  X iC  OI  -r 

X iC  I"-  0>  X OM'*  X o X -r  X X X X i'-  X 


•Jopo 


a 

u 

z 

< 

a 

< 

a 

Ch 

< 


o 

o 


g-^8i^:8S3S’i^8$o8'i^gSS-38S3ggogo3 


a 


v:  o 
c = 

6- 


^ c : 
o 
'J 


x: 

O ^ ^ O ^ 

£ 5 ' ^ o ■ 


x: 

o M 

s c : 

— o 


X,q.inj, 


* + * -t-  -!-  * ♦ 


a 

o 

a 


s’ll 

^ c 


K o 

r-1 

ca  =: 


^ - 

'X. 


"Z  '. 


c : 


o 

::  o : 

n 


8|§ 

So.2 


Cl  — — C 

-*c  . 


“ — X X OI  05  X OI  05  X X O : 

-^^01  — OIX  —01' 


: o : 


: 0) : c 


•OK  iTJjaas 


X X 

gz 

iQ  iQ 


-t*  01 
■-r  iQ  — 
O'  CO 

X iQ  lQ 


O X CO  X X X 05  O X i'*  lO  iC  X — -r  — ^ iQ.  X Ol  X — X 

— -o  „ ^ J..  ^ 3Q  ^ ^ ? 

-rif:  lO  X X I-  1-.  X X 05  05  o O — — OI  ^ X X — ^ lO  lO 

iQiOlQiQiQlQlQlQiQlQlQXXXXXXXCOX'XXCO 


Tcri’.iditv-*  Decided.  § Very  Decided,  t Distinct,  t Very  Slight.  1 Slight.  Color— M.,  Muddy.  VM.,  Very  Muddy.  T..  Turbid.  C..  Cloudy. 

Color  ON  Ionition—G.,  Gray.  15.,  Brown.  DB..  Dark  Brown.  LB..  Light  lirown.  R15.,  Reddish  Brown.  BG. . Brownish  Gray.  15h.,  Brownish.  R..  Red. 

Rh.,  Reddish.  W.,  White.  Gh.,  Grayish.  Blk.,  Itlack.  G15.,  Gray-Brown. 


Table  20.  STREAMS  EXAMINATION— SANITAfCY  DISTRICT  OF  CHICAGO. 

SANITARY  AVATKR  AN ALYSIS— PARTS  PER  MILLION.  Reporr  of  AuTin'is  W.  FAajrEl:, 

. „ , T.  .1.  HCRiiii.i., 

boi'KCE  OF  W .\TEK— Illinois  River,  Ki..MP»viLi.E,  III.  University  »f  Illino’S 


Turbiditv— *I)ecidfcd.  SVery  Becided.  + Distinct.  ; Ycry  Slight.  Slight.  Color  M.,  .Muddy.  VM.,  Ycry  Muddy.  T..  Turiiid.  (’..Cloudv 

Color  ox  ioNiTioN—O..  Gray.  R.,  |{rowii.  1)15..  Dark  Brown,  LB.,  Idj'lit  Jirown.  RB.,  Itcddisli  Brown.  BG..  Brownish  Gray.  15h.,  Brownish.  R Red 

Rh..  Reddish.  \\  .,\Vl)iie.  Gti..  Grayisii,  Blk.,  Black.  G I!..  Gray-Brown. 


o 

tc 

cd 

o 

a:  2 
K O 
s 

^ C2  c/j 

b'^5 

fN  ^ 

&:  . 


45 

a 


O 

O 

<1^ 

o 

>-H 

o 

fc< 

O o 
h § 


r-i 


-H 

c 

E-i 


K 

K 

P- 


>5 

O 


Q g o 

Cfi  a" 


Ch 

I 

M 

►—< 

O/ 

>- 


» 

> 


^ 3 T 


o 

i-H 


|j3  'A 
n 


a 

in 


iM 

K 

J 

K) 

< 


o u 

d5  C.S  § aj 
OuS 


•iioojo  -sciv 
■TO  aDuaso.i,! 


•juao  ‘J!V  JO 
aanitjaailiuax 


•O  ‘.iaiBA\  JO 

ajincaail  tuax 


•J9JTJAV 
,10  'HiSiaii 


< 
6 55 
U 

^ » 


•soji.qiM 


c 

as  H 


cn 

< . 

55  - 
aa  Z 
c o 


55  w 

gr: 
b ® 

O o 
o 


papuad 

-sns 


•paAios 

-SKI 


•ITJiox 


p.pucl 

-sns 


p.Aios 

-S!U 


MOX 


■Bitioni 
-uiv  aa-iX 


■aaUBK 

pdsus  -fa 


•paA|os 

-sia  ^a 


IBIOX 


■auuoiMO 


2c*5§ 
o o bc2 

O H.  *- 


t- 

< 

C5 

c 

pH 

< 

> 

K 

z 

c 

H 

u 

9 

oS 

» 

D3 


pjjud 

-sns 


P.A108 

-sia 


Jo,L 


•papuad 

-sns 


•p9A[0S 

-sia 


1^10  J, 


•Jopo 


u 

o 

z 

cs 

< 

u 

c. 

pH 


o 

o 


'i'  ^5 

w s 


AAIJIIX 


8 |.2 

00  « ♦;> 

K C 


o . 

O c 

S?.2 
o*^ 


8 


•OK  i^uas 


SSSSSSS^SS 

w ^ oT  Ci  ^ 


II  I I 1 + 


o — xif:  — 05 


s?j 


I I i i-fi  I I -f  I +'•++++ 


>(55^«go^v^®l,.l^CC05  — — rroosoo  — 

5 O'!  M CO  (M  CC  CC  CO  CC  (M  O'}  CC  CO  CO  W >—  C'J  S'!  C'l  ^ ^ I 


. . •^'NCD:pXO5O5C0’^C0if5:D  — Oir5-^005Xl--05  X 05COXCOCO(NO 
• • • 0}  O')  W ^ O'}  Q}  Q}  CO  CO  CO  WWCOCOCOOJC'}*-  — ^ ^ *-* 


O iC  *-«  I'*  ^ • - :o  O}  I"-  :0  » 


OCOrpTfX^  CiCOCO’^* 


• I-  W CO  O -f 


•-»'C005l^C0<'»':0'n*C0C0'^’*J'-*f  •COO'JCOiCCDjO’^'^-r^W 


gfOXOlcpwcD  -n-co  co-f’^  oi-r  O)  0}  xo}  OJX  aooQocaocc 

b.Ol'-SiCW'^C'}  05  0'}05OXWl'-C£jC0i0'*tirtC0  •rM-^X»-''^C0C0a5OC0X> 


»OXO}t-CD^t«»— O’— COifOCOX  C5t^}-^»Cii0iOi/0'n*'^  — WO?COOifO'5'5CO}COOl 

oooooooSooo  — O^OOOOdjOOOOOOOOOOOOOOO 


0}  '’1*  O}  Ol  CO  'O  O}  (X)'T  o O}  00  GO  O} 

h^xMXOQOO)}'-  — 0}l^l-C0W00O'’t^U^5505  C'}X^X-- 

— 'MO'J’-l'-inW-^COWCO'MOXCO^rj-’-COift^ 


X ^-1  CO 
' if5  TP 


(N  CD  O'}  X (M 


CO  X cor-Xift  'H-«:od5'MXcooTrxco»nxx^C'>i'-C'}TpxxTpiO'^<-N 

iftl'-l'-l>»l'-iCccxcococOir2coi'-cox»Sir5Tri-»if:ifSiflcDcOTpiC'n'^coi'--rcoco 


O')  X X '’t  CO 

^a50:i'-C5Xl--  O'}  XO}  CO  O'}  05XXC'}0}XTti-?t«0}OXTp-Hr'’i’  x.o-^cox 
C'}XX05Xif:X  05:005*^05  l-OO05  05OXC0Xl^05XCDXXO0}C0  — o 


og-^0»^X3C-OTt;'COC')-’rcpXiXXTj«X  0'}XC'}''¥:0T  '^PWXXXXTt'iCJX 
CDc6x®WXl>'Wl'-X^^^O}’3"n'O}C0’-'O}'^;P'^COX'^  — '’J'OlTPXCOXX 
— 000*-<C'i»-C}^0000-^0^-'^’-’^  — ^OOOO  — ^OiCOO}Tj’^C'} 


C>}XXTtXX’’tCO:O5'}COcO-2’:O-t0'}  '’PXW  tPCOO}  -T 

W X X X X X W X 05  »Q  iQ  O iC  O'}  ^ S'}  I"  f«  tP  ^ If5  w O'}  lO  0}  O O'}  Tp 

(N  O'}  O}  W O'}  01  O'}  O'}  ^ ^ O}  O'}  X 0^  O}  ^ O'}  O'}  ^ W <?}  O'}  O}  O'}  O'}  O'}  0}  W O'}  X 0}  O'}  O'}  0} 


O'} 


CO  CO  O'}  O'}  •*f‘ 


O'}  ^ 


Tp  i/0  O'}  X — »n  o}  O}  iQ  O}  X i-’*  lO  CO  X 

Tf’?QXTr-^‘lOTt>lOxo^xcoxx  **  


TpO}COX'n’X  0'}XO}CD  XX  C'}0}0}'^0}0} 
■ i-  lO  CO  X X lOOQr-XO}COcOO}iCift^Ot^*- 
o}0}xxo5’<pcco}0'}Mxxxwi-xioi-coini 


CO  X O'}  -P 


So}xrfSo6xQSS'^xi-Tpibo}^'’po’}’-i*XTt*x55d5f’io6oxcoxO'}i^xx 

»— OXXOO'’^OOO^OOOOOOOO0}»-'X-^’— OTpTji— Xr-i,-.TpX 


I- 0}  ^ Tp  05  X X X lO -T  ^iCC'}CO  O'}  05  CO  X X X\0  X X X '’P  I- O'}  05 

5 ■’—•H"  X XQ}  — ^T-«iO}  C00}0}^Xi— ^ ^ ^ ^ TP  X 


CO  05  CO  05  0'}XX^05i'»  — Xi-H  _05 
‘:dl>X  05  X 05  05l-  05  05  05  X 05  l'-05iftC; 


XXX  05Tpir:c'}coi^'^i'-x 
‘coi^xcocoi-coi^cbTrcot^x 


C}05  •«  XTpl'»C'}ir:X05Tp  01x05-^  ^OCtPCC— X-rC'}X  tPCOI'-I- 

0050  0'}1'’*C005  0'}'-'050o6oO}0  — ^05005l-.XX05X}>-Xl-05Gd050^C'} 


00 1—  ^ ir,  >0  '•p  I’*  Tp  05  0} 

t-l'-05l'-WXTpXl'»05OO0^0}0'}i0C0cdTpC>050<}C}05XXC0C00}l'-.  — tP0'}O 
^ ^ ^ O'}  X ^ I— -H*-  — 0'}O}»-l0^O'}O}XXWXO}0}C} 


effiK2;cd::a;5£;;::d;5  2;::g::2:§§2:?:?:3§23^’:c?::2K;iddd 


xx:dtpc}xxO'}x 


} •’P  ■’p  ^ X g5  0}  ^ 


C}  X O'}  CO  CO  -p  "’P 


C50XXiO  — 0'}’«PX 
X O'}  X X O'}  g}  TP  O'?  O'} 


0'}XXXCO  XtPXCO^’P 


CO  0}  0<}  '’P  O'}  •’p  X 


0}x  CO  CO  05  X 40X  0^  X X0}05 


TP  tP  CO  O'}  CO  O} 


COXCOCOX  0'}TPO}TPCO 


O'}  •’P  TP  >0  X i 


XX  XO'}C'}C'}  X TpXOOO} 


}»ftO}XX  — if5X'’rC5-P*’PXO05-PiO'PXXl'-TPXXX0'}0'}O05X»OiOXl'' 
n O'} ’P  X O'}  X '’P  O')  O'}  — ' TP  X X *0  X X I- "P  0}  X X 0} “ 


XTpcOXO'}XX-’PXXXC^XO'l 

XX0''}WXXXC'i'^O}XC'}^X^ 


05  O')  TP  TP  X O'}  X O'}  X 


X XO}tPXX  0'}0'}X--PX  0}  XXO} 

O'}  It.  X X Tp  o X W 


O^XOtpoOOSXIt  XO'II-CO^XtPX’— OX}^TpO«— OOO'IItX--  . _ 

XXX  O'}  00  It  ■^X  Xtp— .^XoooXn’XOQXXTpXXXO^XX’-'X 

1— 0^}  *—»-i 


Tp  ^0}X  O}^-^'  Tp'HpXTpO'}XO'}  ^0'}  x-^ 

XXQX  — TpXTrXOXTpXTp--p}>.Q0XXTpcdlTXXO 
X X O TP  CO  It  50  ifj  W o — }T  X — TT  00  w I-*  X 05  05  00  X a'}  Q 
O'}  O'}  X O'}  O'}  ^ ?}  O'?  O'}  X O'}  o^}  O')  X X — — M 0'1  O'}  ^»  ?}  W O'}  X 


X0'}-pX  Xtp  XX  XX0'}Tp  XX  O'}  TP  uu  XXX 


0^}  O'}  Tp  X 0} 


05X005'^)-PO'}XX03*XXXXTpl^)XW-pQTpQXTTQO'^}X05  0}XTP05 
0'}0'}XXXlT-pX-PO00^O’-pTpt.,0GO05  0'}^Tt.c5xX0}TPXXXTp--PXC'} 
XXXXXXtpXXXO'}XXXXXO}XC'}XXXO}0'}XXXXXXXXXX 


CVS  ^ ^ ..p  X O}  Tp  X »0  X X Tp  -P  X X X X X X O'}  O'}  X It  C'}  X 

OOOOTp,—  W?}?COO  — O — 0'}O  — OOOOOXO-PO  — 0000000 


,ts,  ^ ^ fi, 


; <r.  ^ ^ ^ 


w:  „ ^ 

c - - 
o 


o 


-a  0) 


o 

o 


C :: 

o 


^ c •: 
^8 


**•«■** 


-05XXQXtpO^^XOIt^^),-P^XX0'}X0'}05XOIttpC4X 

..  rs  T-C^C'} 


; Ct/  Vi  'w  »»/  •'p  > tT  ;,TJ  I"-  -7-  JO  »I.  '•'! 

TT  c>j  — O'}  O'}  ^ — o^}  X *-  O'}  O'}  *—  O'} 


i — 


: Q - 

c 


0-^33 

>^4 


CO  O It  TP  -P  ^ I 

^ ^ 0}  O'}  X 


-XX0'}O5X0'}O5X  — OXXC 


c3  3 3 


c . 


H-*  . ^ ^ , O , 

C-TT  a>- 

O G 


QOO 
X X X 


80}  X 
05  X 

00  — 

X X X 


X O'}  0}  X — — X X X X O'}  X I T if:  o)  O'}  05  T-.  ir:  ‘X)  X It  It  o)  0^  05  05  X 
X0')X0'»X  — XC5tt05tp05'^OXOXO2'XOXtP’--«C0  — xx 
— O'}  O'}  X X Tp  -p  ■’p  X X X X It  X X O 05  Q O •—  O'}  O'}  X Tp  Tp  X X X 
X X X X X X X X X X X X X X tC  X X X X X X X X CO  X X CO  X 


TunBiDiTY--*  Decided.  § Very  Decided.  tDistinct.  JA’ery  Slight.  1|  Slight.  Color— M.,  Muddy.  VM.,  Very  Muddy.  T.,  Turbid.  C.,  Cloudy. 

Color  ON  Ignition— G.,  Gray.  15.,  Drown.  DH.,  Dark  Drown.  LD.,  Light  Drown.  RD.,  Reddish  Drown.  DG..  Drownish  Gray.  Dh.,  Drownish.  R..  Red. 

Rh.,  Reddish.  ML,  White.  Gh.,  Grayish.  Dlk.,  Dlack.  GD.,  Gray-Drown. 


Tahle  22.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  or  /yiTHUu  W.  Palmer, 

T.  J.  lJURBILL, 

Source  of  Water— Mississippi  River,  Grafton,  III.  University  of  Illinois. 


Turbidity— »lX;ci<Je<i.  (»  Very  Decided,  t Distinct,  t Very  Slittht.  | Slight.  Color— M.,  Muddj-  VM.,  Very  Muddy.  T.,  Tnrind.  C.,  Cloudy. 

Color  ON  Iii.MTio.N  -U.,  Gray.  |{.,  ISrown.  DH..  Dark  Drown.  IDL,  Lifrht  Drown.  RIL.  Reddish  Drown.  DG..  Hrownish  Gray.  Dh..  Itrownish.  R..  Red. 

Rh.,  Reddish.  W.,  White.  Gh..  Grayish.  Dlk.,  Dlack.  GD.,  Gray-Drown. 


Table  23.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANIT-VRY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Akthuk  W.  Palmbu. 

T.  .7.  Buuhill, 

Source  op  Water — Mississippi  River.  100  Feet  prom  Illinois  Shore,  Alton,  III.  University  of  Illinois. 


o u i 


■iiOD  JO  -siiv 
JO  aouosoa,] 


•juoo  ‘.ii  V .10 
gjiilBaailuiai 


•f)  ‘JajB.w  JO 
OJlUBJOdlUO,!, 


MOIBAV 
JO  iqiiiaii 


80  5 c If:  o o o i’- 
iftCXOiQ  — ®iCO 

• *^00  o o 00  « cc  o 
■ cc  — -r  — ':f»c 


:++ 


i ++ 1 1 +++■’’'+ 11  + 1 ++ 


:oo;DO  — ©'ii'-oo  — •^C'1Cl0OC'lX05'^^OOi:0l'-Q0iOWcC’^C'^00» 


X-^X0:05*'^:D0:XO05:DtCiXXO-t'OWi^;DXXM05OC0XX'^O 
^ ^ >-  O'!  iM  ifj  fM  CC  W ^ O'l  cl  0^?  ?C  N <71  ^ ^ ^ 


iftlft—  rjiiCCOX<M  Cl  CICO  — 05^0  XXO^OiCCOS'^'l'-X^ 


Js.  I,.  ^ CO  If5  «M  05  b*  I'-  I'-  CO  d CC  CO  Cl  Cl  Cl  ^ d CC  ir:  CO  CO  cc  w 


< 
6 z 
:::  » 
E-  o 


•saitiJjiM 


•sa!)U5ix 


Cl  lO  ^ CO  ^ lO  X Cp  lO  Cl  »0  CO  CO  X X 'fj'  X X lO  05  X X lO  lO  X X 

SoooooSSooSSSSoSooSoooS^S^^oooooooo 


o 

Z W 
< c 

gg 


papuocl 

-siis 


‘30  X •»t‘  *X>  X X Cl  C)  Cl  X X ^ Cl  ^ X Cl  ^ 

ClXXXXCl’-r^X— COXiftXXiCO’-XXXXXOS 
^•«!ri^c5if:^»fi’^xir:i’»xco-^xi-»c)’n’XM‘'^xX’— 


X Cl  X 3*  d 
, X ^ O X Cl  ^ ^ 
-j.CO'^X'ry-l'-XXinX 


•paA{os 

■SKI 


Cl-5«  CP  'rr^XXTpXXCl’^XXXClClCl'^X-^Cl’-r  -^ClCl 

Oi'^dsr^QXO^X'^XQXXCOXOXClXOl'-Xl'-l-'ClX'XMfSXXXiO.ftCl 


TP-f  d^cis'xci'^ 

^ o X Cl  Cl  — Q X 00  X X Cl 

OXOCl0505XX^o6Gfc05XX05XtC>C5a5l^O:OX^XOX 


— ^ CO  m ^ tf:  ^ 00  Cl  X TP  Cl  Cl  S Cl  X Cl 


OS 

•<  . 

?:  - 
w z; 
c o 


p.pxid 

-sus 


P^AIOS 

•sia 


Itlox 


CIXtP  ?0  X Tp'*pci  XdXXXXdXsP^  d ClXd  TpXXX 

r*  JO  d T I"-  TP  CO  Cl  Cl  <35  X X ^ 1--  Cl  Cl  Cl  ^ iO  O ^ Tp  o ^ X — i-  d I--  iC 

-PClClXiftClXXCl-^  — -^OOCl-H^  — O^CIO^^^O  — OCl'^— ■ — Cl 


xtox  Tp  Xd-^  X X Cl  X X Cl  Cl  Cl  X Cl  X x CIX  X X ,ci-^ 

xif:x'^ciTP005ciTpioxi-^ooc505o;Qxi-jO'rPTP-^ii5jQ'T«X'^Odf'-ci 

d Cl  d Cl  Cl  Cl  Cl  — Cl  Cl  cl  Cl  Cl  Cl  Cl  — ^ — d Cl  — cl  Cl  Cl  Cl  X cl  Cl  Cl  Cl  Cl  X Cl  C! 


, -r  Cl  X X X Cl 


'I 

0 <6  c 


» -^p  Cl 

5 X X lO  X 
5 X X X X 


Cl  Cl 

ift  X 

-^p  CO X X JO 


:o  dxx_ 

X 50  ^ JO  ^ ^ X 
“ “ CO  CO  TP  -T 


wruoui 

-UIV  99JJ 


V*'«  _ ^ I*./  _ K»'t  !»'*  ■*.>  'T  '•  t •*  € >*p'  'J'  VX’  '*!'  M'  ^ '*!'  ■<• 

(MXXCl^OX  — Cld»OX'!t'dXd^jO*OClX*PX*^d-^X®XXC5dX 
OOO  — OOOOOOOOC'OOOOOOOOOOOOOOOOOXCIO^ 


a 

Sc 

£.  ^ 
O o 

o 


Maj!lT?K 

pdsus  Ki\ 


^;0*^x-^iO05X  xioxci  ’—50:0  ci  x-^tposOX’—'^w^x 

x:bw  — ^05:OTp-pcoxci—  50xx  — Xtp-p-^*-.  ’ -r  ‘ — — cii— 


•paA|OS 
-Ht([  iCa 


^^^l^C5XOXWXTr50X05i^  Cl -05  X dXX*X>- 


lO  X d ^ 05  05 


05XCICIXOXO  — XCl  — — ■^05  05l>.x:0;0l^0ci^05xx050500^0505 


'T^JOX 


xjoosI’-xtp:©?©-^  dci  co05  •»px;oi^iO05  xo5:ox  ci 


*Dui.io[ii:.) 


l0X'^l^:0X05  — tp05X?OXtP  i-^JrtX  XO5X50  Ti*CldX^.X  — ClXl- 

Tp-^pif:xxx;0ioxx'!piooi-xu:':o?050ioo5i^:oi-»^05^jo*-»oci  — — ^ 


o c-  c 
—■5^0 
o o bt.2 
o 


y 

o 

< 

Gi 

o 

CU 

< 

k 

t: 

y 

o 

Ij 

2 

CO 

w 


p«pud 

-sus 


xcitoco*^'^  cod-^cixcocici  xcidxx  coTpcixxdcid 


COOSCO^XCl^’-l- 


P.AIOS 

-sia 


d’-PTPXXXX-PX'^X  ■n'tOCO  X 50-C  XXd  X50  50XTPXXX 

xo656ci5Co6xc)ci:bxocio505x;o*Tpi^dOcicio5do6oi'-jo-p5dciQ'^ 

X ClXClddClClX'^Cl'^XXXXCl  — XX  Cl  ^^cl  — — ^dd 


K10X 


«oxx 

_ -p 

Tp 


dxx5050  xx*«pdXTpx 


50-p-^x>ocioxxx50JOi^oO'poo5^;o;0'^tocici-ro-»pX'X05Tpc»ci 
cox’T'^xdd'viOdiOTpScOTpXdxxxx'-'t-cidddd-^-^dx 


•papueci 
-sns 


CO  -pci-pd'*pxddx  x-Td  xcoci  cocO'»PTpx-n'  -^cococoxdco 
o oc  o I’*  I-  cd  CO  <35 1'-  ci  <D  ci  ci  05*  tp  X jo  X CO  I'-  X ci  o ci  f ci  05  lO  — CO  I'-  w 

ONXX— XXiOCO-^^XXCOX-PiO’»J'iOI-»XiOCOCOCIjOXCOiOjOX^t->X 

XCldiOt'*TPd-^^-H—  x^ 


•P9a\IOS 

-SKI 


dcocix-t'coxx-^‘XxcO’m-xxTpddxxcoxxcico-rX’*pci 

irid^^iOiScc^^^^coccooQ-pxci— <05'!pxcdo6oj'^05^’^'^i'-dr:*xc: 
050CIXI-05X  — X-^XXCIXCII0  05  — XOCOl-JOl-QC-a— X — QOO- 
Cl  Cl  — — — Cl  Cl  — — — — Cl  Cl  Cl  — — Cl  — ^ Cl  ^ ^ — d — — Cl  — Cl  Cl  Cl  Cl  c 


CO  X 
■ iQ  o 

ci 


X CO  CO  X X Cl  CO  CO  X CO  CO  Cl  X X Cl  X X ^ Cl  Cl  Cl 


CO 


•IBiOJ, 


d»-'<35«0-PCl  — COCIOtPI'*  — ^0^:005*PdX'^-PX 
X X CO  O O O lO  JO  -p  CO  05  Cl  Cl  X X X ^ 1--  X Cl  Cl  lO 
Cl  X Cl  X X CO  X Cl  Cl  Cl  Cl  Cl  d Cl  Cl  Cl  d d C I d Cl  Cl  Cl  Cl  cl 


iO-PJOI'-XCOtPXX 


•iopo 


cs 

< 

bi 

Cn 

Cm 


o 

o 


iQ  XOOjOO  jO  X JO'^'-PCO-a'^lrJOX-PXCOJOJO  •^ox 

^ClciOiOXClXiOiO-P  — -^xoxooooooo^oooo  — clxo^o 


o V5  CJ 


•A’.qjux 


-*  * * « **  * *-♦-*  * -t-H 


Ql. 

o 

a 

h 

< 

Ci 


s?  g.i 

30  p -J^ 

c 


tc 


o • 

r/: 


y* 


. ^ 1 


o . 

5S  0-2 
o 


> X I 


•OK 


^111 

§'  ~X  I - CO  c 
— jS  X 'I 
qc5q. 

iQ  lO  iQ  iC  I 


i lO  Cl  05  CO  Cl  05 

I ^ — Cl 

bc 


coxocoxpi--r  — Xio  — XiOCic 

^ Cl  X — d Cl  — cl  ^ Cl  c 


: : : w : 


/'j 


<0  ■: 

a 


?lc§3 

• Cl  Cl  X 
5 lO  jO  lO 


— P X c 

^ ^ -P  c 
X X • 


. iC  05 
' lO  lO 
: lO  JO 


305  lO  P lO  P iC  p iC  O P -M  -T  — 

C0l>*XXO505ppp’—  ddXX'T't'JO‘5 
lO  JO  JO  lO  io  jO  iO  CO  *3  CO  P P P CO  P p CO  c;5  cp 


O X' 

5 *8 


Turbidity— *Decided.  § Very  Decided.  + Distinct,  t Very  Slight.  1|  Sliglit.  Color— M.,  Muddy.  VM.,  Very  Muddy.  T..  Turbid.  C..  Cloudy. 

Color  ON  Iomtion—G..  Gray.  15..  Drown.  DD..  Dark  Drown.  LD..  Light  Drown.  RD..  Reddish  Drown.  DG.,  Brownish  Gray.  Dh..  Drownisli.  R.,  Red. 

Rli..  Reddish.  W..  White.  Gh..  Grayisti,  Dlk.,  Black.  (JD..  <Jray-Drown. 


Table  24.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANIT.VRY  WATKR  ANALYSIS— PARTS  PER  MILLION.  Report  of  Arthur  \V.  Palmer, 

T.  J.  Burrill, 

Source  of  Water— Mississippi  River,  One-Fourth  Distance  from  Illinois  Shore,  Alton,  III.  University  of  Illinois. 


n ■ U.AI- 
o o 

. OJ.—  — 

OS  5 <u 

p;  CoE 


•no;)  JO  -siiv 
JO  aoiiasojd 


■JUDO  ‘Jivjo 
ojiijRjoiiiuax 


•0  ‘JOIR.U  JO 
ojiniuodiuox 


•aoi«A\ 
JO  lijilioil 


<5 
6 Z 
c:  u 

>r. 


O 

•-  w 
< o 


cn 

. 

Jc  - 
(d  "A 

o c 

o K 


w 
a ^ 

|i 

o 


papiiail 

-sns 


•pOAIOS 

-SKI 


IBlox 


p.piKl 

-sns 


1>.-'I0S 

-sia 


1.1  ox 


•Biuom 
■luv  aaJA 


•jaDiiH 

pdsns  .Ca 


■p3.\|0S 

-SKI  ^a 


■imox 


•oiiuoiti:) 


2acg 

o o br..2 

O 


: .5  S S S S S 2 S S S ■ 5 s S S S S S S S 3 S ij  S S 8 s s 

• • a C')  in  ^ V)  — -r  Tf>  05  • lO  I'.  C'l  X 5c  2>  ^ Oi  o -rr  »r:  ^ 


. — o X — — 


;++  i l + l + l I !-f  l++l-f4  F1++ 


— -r‘Ncco-b)XC:'MOo:;Di'0  0'.  CWK  — ■MX  — o 

•— <N— c5c-im4'»c5ccxcc?ScccC'7ic^'Mci  — C.I  — — 


•as  — xosoii'OO-. 


• iC  *0  ^ -I'  CC  X C*)  C)  Cl  CC  — 05  X X c-l  o:  « 05  X — 


• I*  CD  «D  I'*  CC  iO  o;  I'*  I'*  ^ CC  CC  CC  W '?l  5^i  — C'l  CCiO  TT  CC  CC  CC  M 


CD  '*♦''71 W X-r  '»rXX  X X cb:p  Xi^CC'JX'^^^D 

CC  CD  X I-  I-  ^ ^ ^ ^ (M  ^ Cl  ?>  T'l  — O')  C'J  X X iD  -r  -'T  — 


Cl  X Di  ir*  •>!  2*  2^*^^  *"  *5  29 k?  St  ir  •£  9&  ^ ^ ^ 5^  *ii 

§SSo888S8S8So§S?^5  = 8SESSS§gS5SSS5e£ 


■«  CQ  " 


> X cc'i}^cc^ococ 

^x©'*rxi'-xw*^c5-r*cc>o;Si-xi-xiftiDCj^x<5 
'■XXC)^;Dl'*iD*r»D’f»X*r*C^liD-»’  — ^C^xX-r'TiD 


CO  CD  X Tf  Cl  X *X)  -M  c^>  ^ 2!  Cl  Cl  Cl  ^ S*  S’  ^ sS 

^ M O I- CD  "T  I-  t' 2C  »D  »D  »D  S ^ ^ i'*  Cl  ^ ^ »D  ct  — X ~ iD  X 


-r  CD  O XTTTSJ^ 

X0505WID  — ci-rcoxci3«-t'CDcO''t‘  r‘'Xw2’»3rS222R 

iD  cl  CO  1—  Cl  O I*-  Cl  ^ O X X X I-  *-  Cl  05  O X — X C5  I-  W CD  05  X ^ C O O 


—«*-*  — Cl  Cl  Cl  — — 


cix-rf  cioiX'n'Ci  Cl  ^ 5'>^T:5'^292£^'^^2x*Z5fcS'^^29?* 

i8S?SSS.ojgS£Sc522S2:22  2il2ii®8t2:!::2aSH  = 2?5S 


XCD'^t  XX  CDCIdCDClMX'^C^SCD.^Cl  jr ^XCIX9£^^X 

o ID  Cl  '*f  o o -t  I'*  ‘^r  ^ 5“*  i'*  '5'i  — ^ IT  2x  L:  S S k;  ^ 

Cl  Cl  Cl  Cl  X Cl  Cl  Cl  c5  Cl  Cl  c5  — — Cl  Cl  — — Cl  Cl  — Cl  Cl  Cl  Cl  Cl  Cl  cl  Cl  Cl  C>  Cl  — Cl 


rrx>  Cl  CD 'ft*  X Cl  Cl  *D>  n*  Cl  Cl  rf  ^ 

‘ ^*^xcii'-ci'*rih  — — xw^xcDClxiox  '^r  a5’“SclU±:'^Si’ 

>i'-»DiD''S*XiD'^XClXXXXClX’-r'*>''n''-J*X'^XX''?'»DX' 


CD  'n-  Q ^ X ^ 
I-  »c  ® OT  X i 


5 »D  X ifi  X X X 


XX Cl  Cl  CD  Cl  Cl  CD  ^CDCDCICDCD  XX ‘O’ CD 

gcDi-Oix— xcI’-i-hcicdxxicx  — ■3'2’?'iiS!r3‘i3?J:rSLr^2!25‘*5r^ 

OOOOOOOOOOOOOOOOOOOOC-OOOCCb  — OCli-OO 


i-»0505l'-CI05tDX05l'.if:cD''rXXXXXi-»XI-  — C}CDXI-*XXXCD— ■■*rx 

oii'^xcioci^iD'ij'^cDcici  ’xcici  — x^j'-rt"— • — — • 


iD  '!»'  Cl  iD  CD  W iD  iD  CD  ''f  »D  Cl  Cl  X iD  X Cl  W d X »D  05  W X X »D  ^CDl- 
CO  O X X — ^ ^ X C)  CDTTci-^ClOOWOCCDCDi^  — ci  — xxi'-xd  — o^»-o 


Cl  X 05  05  W iD  Cl  Cl  Cl  — 05 


— X:D05  l^XiD  — l-l-  CD  — — — X05  1- 


XX  — ^ — ^052l^*^Cl  — — — — ^ — — ® — — — — — — — — — — — 


' ID  b X -I*  _ ^ ^ 

• Tt'cix  — xci  — — cjciiDcboCX»DiD»DiDl-»»ft»DCDOX05Xl'»C.CX05* 


A 

o 

p 

2 

o 

< 

> 

u: 

A 

o 

b: 

tJ 

p 

cn 

pi 


p,pu(l 

■sns 


1 Cl  X X X X Cl 
> 05  X CO  d c 


Cl  - 
' iD 


'"9-  Cl  Cl  X Cl  — ' 
I — ID  O 05 


• Cl  Cl  — Cl  CD  -rrcc 

’^•xiD-ri-  'edcici''®' 


P.AlOg 

pj(r 


CO  Cl  CD 

; W X Cl  iD 
f Cl  X CD  X 


CD  Cl 

2 = 2??^;:^ 


C)  CD  ''9' 

X d; 
cl 


"^x  XCO 


hioj, 


) •*♦•  Cl 

I c6»d  x 
- — I-  C) 


XCDXCICI  C'CD  — — CD  -^rxx  Cl'-J- 

CO  I-  Q iD  »D  C .D  ci  ci  C 05  -f  iD  *r  d CD  05  d 

X X X — — Cl  Cl  Cl  — — Cl  Cl  Cl  — — Cl  — Cl 

CIXCl—  Cl  CD  x"^ci  Cl  Xd 


--  X 

cc  d d X X d ^ d 05  w cc  CD  d ir:  2“  — CD  X w X — iD 
— X ID  »D  X X Cl  Cl  Cl  Cl  Ci  — — C>  X X Cl  — Cl  Cl  C)  Cl 


'popuod 

-SMS 

•pOAIOS 

•S|(I 


CD  Cl  -r  Cl  X CD  CD  Cl  CD 




•b  X X Cl 
Cl  X Cl  -r 

xbl-'^ 


X C X 


— Cl 


ClXCD-rcD  X — XCCcDCI^tCI  CDd  "f 

— •r05cD*'-'!tC1'^-r»CO:—d»DcDXXX'-t' 
.<C  .0  »D  lO  X d5  I-  iD  iD  CD  CD  X »D  b iD  X Cl  -^r  X 


CO  X b 

X -r  -r  — 
■ CD  C»  X 


•'T  X CD  -r  CDX 


3: 


’-rci'-t*  — •—■M—  ''TCI  cDcDX'fCD’'!^^’^ 

ddd’^'5‘>05dx-^d''3^i-l:*ddddcid 

— fe  b X t-  X CD  iD  I-  X I-  X 05  c6  I-  X 05  05 


iniox 


X— OCl-X'^OXX 


X _ X CDX  X ^ » 

-I  Cl 


Cl  —CIXCDX 


C»  X CD 
b-rx 
Cl  — Cl 


X Cl  Cl 
X Cl 
t'l  Cl  '*f 


Cli-CIOOOXXCIC:OXX'TO'*f-x»DO''r 
c I b »tc  iD  -r  S X X — Cl  ID  -t  ^ d ^ w c^  — Cl  Cl 

^ Cl  Cl  Cl  d ‘fl  Cl  Cl  Cl  Cl  Cl  Cl  Cl  Cl  Cl  d Cl  Cl  Cl  d 


MOPO 


f*2 

u 

A 

< 

PJ 

p 

p 


o 

o 


-xSSSS?i^S^c>*i;xS^5SSg‘£3SS25^«S^ 


..•■r.  •s;  ^ .F^.  ^ , 


c 

e 


y 

:^P?:  p 


p 

o 

w 

H 

< 

a 


g Sc 

cc 

*-  X ^ 

u:  c 


• — Otiic  — 55:DX05CDXCi-XO 
— — c^  — M Cl  — Cl  Cl  — 


— I-  '^  — X ‘ft  **  05  ?D  Cl  05  b X b — 
— Cl  X — Cl  c » — . — d — X — Cl 


- - - ^- 


: : : : : ii : : 


; ^ o 

’ 5"^ 


. « 

s 5j: 


2 ??  R 2 g V; -^  = 2 « - ^ 2 ?J  s 2 ?i 

...  c. ...  — •:: 


•OK 


"d  I - 5D  ‘ft  d — b 4 »C  C)'l^’05  'C*  05  X 
^ ID  ift  ift  ift  ‘ft  ‘ft  ‘ft  ‘ft  ‘ft  ‘ft  ‘ft  ‘ft  ‘ft  ‘ft 


y. o'  ' ‘ y.'  ' 

!Tii^^|8;c52iS82222.T?23 


TURRiniTY—*  Decided.  J \'ery  Decided,  t Di.stinct.  J \'cry  Slight.  | Slight.  Color— M.,  Muddy.  VM.,  \'ery  .Muddy.  T..  Turbid.  C.,  Cloudy. 

Color  ON  liiNiTioN —G..  Cray.  R.,  Rrowii.  DR.,  Dark'Rrown.  LR.,  Light  Rrown.  RR.,  Reddish  Rrown.  RG.,  Brownish  Gray.  Rh.,  Brownish.  R.,  Red. 

Rh.,  Reddish.  W.,  White.  Gh.,  Graylsli.  Rlk.,  Black.  GR..  Gray-Brown. 


Table  25.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATKK  A N A LYSIS— I'A  RTS  PER  MILLION  Report  or  aktiiik  W.  Palmer, 

T.  .1.  IIUHHILL, 

Source  of  Water— Mississippi  River.  Midstream,  Alton,  111.  • University  of  Illinois. 


dS  ' = S oi 


■!lo.)  JO  -siiv 
.10  a,)iias'aj,| 


lua.o  Msv  JO 
OJll  JB.iailtII8X 


■f)  ‘.laiu.w  JO 

am  jiuadiuo,!. 


-.laitt.w 

JO  ntSioii 


^ .a:  jr 

^ t?.  ft  (t 
. O — ' X C 


^ ^ ic  — 5 *3 

r>  If:  I-  i-  — ??  cc 


1 + 


•fi  5 *5  3^  S ^ ^ it « o -5  *?> 

tc  ^ ^ cc  ci  c:  c 


I + I : I I I ++ 1 ++++ I + 


00'X>0  — -MWX  — ^C'JXOC'lXC:'t'>OC::DWOO:OC'lCC-j»C'>X'-^ 
^ T'l  iM  ?C  y)  •?!  CQ  CC  CC  CC  CC  C*!  ^ W ^ 


GO  — xct  c:i'*xic:xoc5:o:p:icx0'n'0xif:«cxxc'>c50coxx'*r: 
— 'M  — — — C-)  T'l  C ? tC  *7)  W '?'l  '?'l  ?C  'T'?  'M  — — — — — — 


iC  if:  — -n*  ic  cc  X 'M  c-i  C'l  cc  — C3:  xX'^»  — o:?c05Trl-x  — 

X x i>.  -r  ccifi  ic  o:  i’-  w it  -ji  cc  C") CO  TT  cc ri C'i  w — w cc ifi  cc  cc  cc ?c 


< 
c z> 
X u 

y. 


I/:  0>  X 0>  X 01  O)  X X X 01  Ol  -r  X CD  CC'£>^iX>  ^ X X X OW  -T 

’t*  iD  o:  ID  I-  ID  ^ X iD  X ^ O'l  — 0>  0>  0>  O^  — — — 05  01  O)  01  01  lO  0» 


•sa^i-UisC 


-r  X X w c:  t--  05  *D  ^ CD  ID  I 

oooooc 


: -ff  !>.  I-  X X W I'-  05  Oi  X c. 

>8S88So888oS85 


= W 

< o 
» :: 
Q2  H 


< . 

M Z 
■J  O 
O S 


s< 


papuotl 

-sns 


^ ^ X 05  05  05  05  05  3'  X '-r  X X CD  05  T ^ A*  ^ 35 

— •D—XX’*r’(tX^l'*  — 0;Xl^OXXX''?"^X'0’C00:XCD  — 05  05iDX05  — 
-a:05»-'0:OC0ci0OiDOif:iD  — CDl'-iD'»rX»D-n’XOXX-Tt*'n'’T?‘05X0)05XiD 


^ — 05  — 05  — — — 


•paAios 

■ 'SKI 


^ X05  XXXX 

Id  ^ --t  5-  I'-  X X X X X O X 
'TlD  X lO  f »D  iD  X — ' iD  iD  •f  ■*9* 


_ 05  X 05  05  ^ X X TP  X 05  X 

iC-^-^(-;i^l^C0  05  0-T'X005XXif:XXX 
•n'TrTrcoXTp»DTp'^’«rX’^Tf*iD'^»DX*D'»r 


'IBIOJ, 


X 05  X X X X ’ 

ID  iD  »D  iD  — »D  X X tP  X 05  X 05  X X 05  X 05  05  X tJ<  tp  tP  Q Q O X C 
X-rXX'^'X>XTp05  0XOiOl'-0—  o:i--c3:ovC50i*xo6xxxxxc5< 


p.piicl 

•sns 


X-r  'T'X05X-P05  05  05'-P  05  XX  Xtp05XX  X'^X  X-^  05Xtp 

OX-PX^C:— Xl-^0:iD0QX-'l'»OXO5Tpf0l'.XX^TpW-PCCS05CC  — ID-P 
XXXWXiDtPX05  — X05-t^^C'5  — — ^Oli-Ti-  — O^^  — 0500  05  0 — 0^05 


p.AlOS 

'8ia 


■»fX  XXX-*P05X'n'Tp'^XXXX05  Tp  — ■^tP'^XXtptp-p  X05 

0»  iC  05  iD  ift  O 05  O O 05  0W5  ID  l^  W X ^ X '-t-  C'5  W Q 05  '-P  O 05  05  -i;  W O l^ 
05  05  X O?  W 05  05  — 01  05  05  05  O^  — — — — — — — — 05  05  — 05  05  — CO  M 05  05  X 05  — 


05  X XXXXX0»tpO5XXX  05tp(J.5  05  TP-t<XX  OI'^PX 
O5;^X2*^.>^^t'*00  — CCiDX*DXX  — 05XXX^  OOX  — tp05XX^ 

OXOOOxXiD'-P'n*iD'^Tp'?5C0XX05  05'n*XTpX'^CCTpXXTp'n*X'«fTp'*p 


•tJlUOUl 

•IUV99JJ 


8„  ^ ^ ^ , n*  05  X 

^jPjP3o!2i}255c'5'>i:c00  05  05^05  — iDtp* 

wOOOOOOOOOOOOOOOOOOOC 


, -J- 

: — C5tp«^)X05  0S'-t  — X^^ 
lOOOOOOOO  — 000 


V'*  M 
W s 


^ X 


M34555K 
pdsns  .^a 


1-,  ^ ^ 05  X X O X 05  W l'-  ID  O iD  X O X X X 05  X — O 05 

OJXOXX— CiXl'-XXXoi  — 05  05  05  — XiDiD— 05X 


•paA]os 

sia  A'a 


1-»XtpiDXXI^XXX05'^05  CiX  X X iDl'-  — 05  05  X 05  TpXX'n' 

X X 05  05  05  O CC  05  O -r  05  05  05  O O X 0:  X X it  — 05  05  o:  X I'-  05  — O — oi  — 


'TBIOJ, 


•Ip  X X 05  05  I-  X X X — X — X I-  X c:  X 


1--P  — iD— »D05XiDlDXX 


■aiiijomo 


1 05  05  05  — X 05  X TP  --P  X iD  X Tp  iD  X X l-«  f X ID  I-  X X I'- 


5 c c § 
o o ti.2 
o 


.a 

tX3 


J2 

be 


02 


Ti 

O 

» 

U 

2 

cn 

U 


PjPuU 

-sns 


5 X 05  05  -P  TP  05 


X^'^X’^O5  05XO5  Xtp  XXXX 
IDX  — l'-05o6o5'n*CCX  — — 


— 05 


P.AIOS 

-SKI 


— — X — 05  X05XXXtPXtPX05-P05  05  X05XtP-^X  05X 

05XQOX-Pl-Q05X36ci'POX  CO  O — Q X iD  05  05  CO  W X X tP  X X I'*  iD 

05  CO  05X05X0505  — X-»-pX-PiD  X '•P  OI  X 05  05  05  05  — 05  — — 05  05  05  05  — X X 


li^OJ, 


n*XXX05X'TX  X05X  '^'*PXXX-P05'^X  05  X 05  XXX  05 

XXX05X-PX  — o6o5'^'^X'-PXXXlDQXOQ5^X05'^«DXO:0  05COXXl'- 

X TP  -r  W W iD  X 05  — ID  I'-  'P  iD  ID  TP  TP  05  X « X 05  05  X 05  — 05  05  05  X X X — X X 


•papuad 
-sns 


XX  XTp-r05  XXTP05XXX05X  XX  tpO5XXXO5tp»p05XX05 

cjx-MD  05  05  C:05X05C:Tp'^^OC0  — 05XOIt.-pCXX  — — iDTpTpoioicrji^ 

CO— XO59GQ  — — XXXXXiD05XXi'-XOC:XXTpXX-^iDl'-iD  — 05  -p 
XX1DOOXXXO5  — X — — — — — 


•paAios 

'Sia 


-P  05  05  X 05  05  -r  X 05  X 05  05  05  X X Tp  :D  05  05  X 05  X X ■n'  ^ X X tP  X 

Xl^XXiDlT.05XC:OTp--t«;Ol-OOX*iD  — '^05  — TpTp^^^l^OXXO  — 

XiD^^XXXX^-PXXXItXtpXXWX^tPi^|^It.:OXO^iD^^232 


':»-pXXXX05XtpXtP  -PXX-P05  tP05  XX  XX  X 05  XXX 


‘IBIOJ, 


c:  -p  C-  05  It.  cji  o ID  05  -P 
X 5t  CO  It  -p  :0  X 5t  o ID 

-p  — C)  It  TP  ^ fQ  1^5 


ID  X X X © — X — 05  05  X 05  Q O X iD  X 05  ^ iD  ID  X CO 

?5  c:  05  X O -P  ID  TP  :D  »>.  CO  — 05  Tp  0 » 05  ID  O'  O Di  Q Oi  05 

5 05  05  05  X 05  05  05  O)  05  05  05  05  o5  05  05  05  05  05  — 05  — 05 


•Jopo 


» 

je 

< 

K 

< 

U 

Ph 

Pm 


O 

Q 


X X — S S O?  § It  1>.  iM  c^■^  CO  O X 


§§33S8i2-‘cg-. 


o 

» 

t- 

< 


Sedi- 

ment. 

jr.'p  y 

V5  >5 

2 0—  o 

•A\qanx 

*»«»»**«***»»*-• 

1899 

Exami- 

nation. 

Tp  — c:iD  — OiXXCiXXOlTCCOlTMp  — i^-P  — XiD05  0:X05  05XXOIttp— . 

1—.  — 05  — 05  05  — 05  V5  — — 05  X — 05  05  — — 05  — 05  X — 05 

X c ^ be  “b?  > o 

z i z S'-  • - v:  z z oz  z z z <dz  z 

'X  O ^ Q 

1899 

Collec- 

tion. 

xox-p— XiDO>XiD05C:X05>J;XCOOXXQ|TTp  — OOID— XiD05  0tXXO 
— — <C5  X — 05  05  ~ — 0>  — 05  X — 05  05  — i — ^ 

o • • * • 

X c — > O 

3:4:  t z z z z oz  z z oz  z z z 0 z z 

P’  - x-:  c/a  0 'y  Pi 

•OK  TOJas 


1 XXiDtpXO)iDiDX..--^_  — ^ — — ^ — 

g — iD  X 05  X — X O 2t  S O •p  c:  O ID  O iD  o ID 

000  — — O5  05  XXXTp»DiDiDXlTi^00cibOT0i 
Tp  iD  iD  .D  iD  iD  iD  iD  iD  iD  iD  »0  iD  iD  iD  iD  iD  iD  iD  iD 


05  X ID  ^ X iD  X X 

---  --SS 

X X 


01  X 
xo 

— 05 
X X 


O C5  o 

ID  OiD 
O?  X 
XXX 


3SS8 


Color  ON  Ignition— G.,  Gray.  H.,  Rrown.  1)15. , Dark  Brown.  LB.,  Light  Brown.  RB.,  Reddish  Brown.  BG.,  Brownish  Gray.  Bti.,  Itrownisli.  R..  Red. 

Rh.,  Reddish.  M',,yVhite.  Gh.,  Grayish.  Blk.,  Black.  GB.,  Gray-Brown. 


Table  26.  STllEAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Arthur  W.  Palmer, 

T.  .7.  Hurrill, 

SoriicE  or  Water— Mississippi  River,  One-Fourtu  Distance  prom  Missouri  Shore.  Alton,  III.  University  of  Illinois. 


•HOD  JO  -siiv 

JO  3auoso.i,i 


• 11190  ‘Jivjo 
9Jii}B4a(.liuax 


•O  ‘.lolBAt  JO 
ojiijiuoikuo.i, 


•JDIB.U 

joniiiioii 


• ■ ^ i ^ ? 5 i S S -3  S S S S SS  5 5 -5  5 5 


. . IC  ■M  o:  'M  cc 


— cc  — -r  — — — If:  C''  ?c  — c->  3L  5;  — 


++ 


: + ! •!■+  I I I + ! + I +++ 


■*^wtDp  — C')i-.3C  — -^'r>xoc-)OLC:':*oo:?c>WwS:C'0?c^c)x-^o 


CC  X X o 


• '^•irrocxc'i  c>  wco  — 0:0  xxw  — ciccci'-pi-x  — 

• w CO  CO  ift  ic  c)  o:  i'-  -r  cc  c)  cc CO  w w — C'i  cc  »n  ?c  cc  cc 


■< 
c v; 
;c  u 

t ® 


•so'jii.ijix 


^■n*:0*OCD'?»„»r'n'W  <0  C-» 


• -CJ  01  O C*) 


W X w o»  -n*  OJ  CO 

0>  — 01  Cl  O)  — — ''T  — ^ 


•^01  CO  X'Ml-.CO^'5'CO-t'OlCO  CO  — — lO  If:i0i0*0^1-*^*0i0x  — 

SS5Sg88SS8i883gi’88SSs8llS888S88oi8 


o ss 

(C  H 

0.7 


CR 

< . 

z - 
w z 
c o 
c ?; 


popiioci 

-sns 


CD  ’»rX-rX  C0'?ic0c0®:0*rc^ic0t0  -rC-ln-  — CO  -rXCOClXCOd-^T 
— i-^ooqoco^oSo:  — ic^iocicoi?:  — xcocoococo  — C)xi>-ciXkf:»oxci> 
cooiif:ooi^i--oixcoc'icO'^C'i-rx:0'T'n'^xcoxi-«cocioiif:  — clc^coco^ 

— — — O)  01  — * * — — 


•pa.vios 

-sia 


Oi  5 < 

CO  CO  ^ 


coxcooi-r  01  0 -^COCDCO 

. . O ^ O dx  iC  -r  — O)  CO  CO  c:  CO  lO  01  0»  — iO  lO 

>’n‘Xi-cOif:i'-’^if:if:»f:cO’-»*co-^o»’-rO)*f:'^cocccococoio*f;^co^*^ 


p.piul 

-«ns 


810  W CO  CO  — CO  CO  01  lO  cO  CO  -f  -r 

do  — l-  l-  X ift  *0  ^ — CO  ^ I-  X Ol 

^ A}  M ^ ^ M M , 


O — O ^ X X 
•cooixoicoco  gfcxco-rcxx'^d 
^i-o:oxx5  i?:3csi*xS2cxci 


0>  CO  cp  CO  01  01  X -t  X T d CO  Cl  01  01  CO  --  CO  X CO  CO  01  ® 01  X CO 

lO  — ® X X X Q CO  01  O *^  — *0  X X — — cc  Ci  •-r  lO  S I-*  lO  — $ cc  CO  X S CO 

wrxxocx-rd?:  — ^o’oio  — o^  — O — 01  — o:  — o5d  — o>  — o — — oS  — 


p,A]OS 

•sia 


XX  CO  CO -O' 01  CO CO  *05  01  ^oioicox-r  d Cl  co 

O Cl  X O CO  'Tt<  Tt-  x Q »0  t lO  i-  OC  i-  "-r  o CO  0^  t-  cc  t'*  Q -r  'O'  X d i'. 

OCICICO— dClddC^cW^  — — — — d — — — — cod  — — d — dClC^— COCl  — 


Uiox 


^ Cl  ^ d CO  d CO  CO  X X X '-r  Cl  CD  X ^ d X Cl  CO  ; 

X -3-  X d lO  d I'-  — — ^ X X »o  X S5  -r  X X *0  — -o*  x x »o  25  co  ci  d c 

^co  — — — — xif:»f:’0'co-rxcid*^coddcoc0''?f'0'-rcoc0'0'coco'— cc-o-coc 


•BltlOUl 

•luv  aaJJ 


iO^O'0*'TXX_CO'^COdCD  — ^^XCOXXClXCl'O'X  OCC'XX^CO  COXCl 
Q'O'n’XCOQ-t'COCl  — XXddCOX  — -TCOd  — ■^'^diG— dd^dCl  — dec 
OOOOOOOOOOOOOOOOOwOOCC^OCOiOOOOOCO 


I?. 

O o 


pdsns  <H 


CcClXCCrj*  COt^Xdl'«»'0'Xdl'-''r— X eCCi  XCOXl'-'O’-r  — lO 

ojojd'cCl'-OXOCO’O'OCCd  — — coci  — COTT-cr  cico— — co—  — 


•paA|o« 

'Sia 


cox  X''f(MXXl'-Xd-r—  CO  ddCO  Cl  cococod  l-X' 


CO  Cl  — CC  lO 


X0C-+*X  — — Odd'i^'COddd  — CXCCCOCOXCl  - — CCXXCC' 


l-»  X — Cl  X X — Ci  Cl 


’T  — Cl  CO  CO  CO  Cl  05  lO  X — X CO  I 


l-'0i^j^X^10iC^XXg??CfC0C0W  — 005  — ClXCO^'f  — OCOCCldCl  — dC*  — 


•aiiuomo 


05  X lO  f Cl  CO  ’'C  CO  05  Cl  Cl  Cl  Cl  lO  Cl  CO  CO  lO  — X Cl  o:  CO  lO  lO  CO  X -r 

— ' — — — *-1^  — cicici  — coci?ocococicocicocO'^'^«-^codco?o-o*''r.o 


2 a ‘5  § 

o 2^'-^ 


y; 

o 

H 

c: 

o 

pH 

*<1 

> 

K 

y. 

o 


u 

PS 


p,pu(l 

'Siiy 


I CO  C 
• iC  I 


: •-r  CO  X 
5 ci  If:  o 


CO  CO  X 
05  lO  ^ o ^ 


X ^ 

ci  06 


Cl  -I-  —X 
C5  CO  Cl  ci  X ■n- 


* ci  — 


-r  -r  X X CO  — CO 

'O'  X — o w I'-  ci  X — 


P.AIOS 

'8|(T 


? X CO 

1 c5  — 


X CO 


CO 

Sc^c? 


X X ClCO 

X*  CO  t-  O c 
CO  ■*1*  ^ X I 


K10X 


!•  X CO  'O' 

iim 


-r  f d 50  X Cl 


> X -r  Cl  50 
: cb  ci  Q — X 

: X X w Cl  Cl  Cl 
X 


Cl 

S d ci 


X Cl  Cl  d CO  '«•  CO 

cocoi--  — coi'-^co'^rx 

— — CO  Cl  — Cl  Cl  C»  d 


: ^ ^ ^ ^ 


•O'  X -r  ■: 


popiiod 

■sus 


Cl  d "T*  — CO  X X 


5gS2£ 

c«f 


d Cl  -O’  — — 


e o CO  rs 


I'— CO  50  — XX-'S'Cl 

• ci  lb  o 05  ci  X If:  50  05 

• l'«  I--  lO  X ^ Cl  — — Cl 


•pOAlOS 

•SKI 


ei 


IRIO.I, 


j id  2! 


CO  50  -I- 

If:  ^ 3 

dCO’^dX-l’Xd  ’^'x  Cl  — X 50  X X CO  — d Cl  50  X 


I CO 


X --xx 


"T  X 

55 


Cl  Cl  CO  X Cl  c 

^ (C  5 X ' 


■-r  — X Cl  d CO  CO 

5pC''ffceoxi^  — ibci 
lO  ® l-  •'f-  — iC  » id  CO 


C-  X X 
f i'-  !'• 
05  -^lO 


SSSSq j 

-r  CO  If:  fc  X < 


JS-SiSS/'S 


82  = 
Cl  d Cl 


2:  S It  ^ ® ^ 

Cl  d d Cl  Cl  — — — — — 


•JOpo 


H 

U 

Y* 

< 

< 

U 

fr. 

P. 


Oh 

o 

b3 

H 


O 

;h> 


: — '^cDiox'^Sxxxxoi 
'»  •"»  •■••  % % '■•»  % % % %*  % % 


MSfi  SSo3BB2  8S8S^^««g23 


1''^.  »<  »'*.  H''.  J*",  »<  »»  ,H-i  0^.  0^.  00-,  0t-,  ^0^,  0^.0^,  0^.  P? 


(A  E 


■ L<lJn,I, 

S S-2 

X C3  ^ 

U C 


o . 

^ o 
■"  a*" 


•OM  IHlJas 


JO  ."'’x: 
o r o 
= c 3 : 
— o — 


TT 

'vi 

c : 

o 


««»»»*»«»«*«» 

■n*  — 05)^— i^cb^^cocb^j^ 
4) 


— — Cl  CO 


v: 


o ; 
X, 


^ :£  ?{ S 2*  2 ^ M S 22  ??  vi  * ::"2£  iS  " * 2 ?l  ?t  ^ 

. -!>  . ' . * * 
5*  • • • . C . . 0 . . 0 -C  . . . - ^ *^.00  ^ . cj 

^ < ■>  O X * * a*  * 


Turbihitv— *Dfcided.  JVery  Decided.  + Distinct.  C Very  Slight.  1 .Slight.  Color  M.,  Muddy.  VM.,  Very  M iiddy.  T.,  Tiirhid.  C.  , Cloudy. 

Color  ON  loNiTioN  -(;..  Cray.  It.,  IJrown.  Dll.,  Dark  Itrown.  Lit.,  Light  llroivn.  Rll.  Iteddish  Ilrown.  IlG..  lirownish  (tray.  Ith.,  ItrowtH.sh.  R.  Red. 

Rh.,  Reddish.  W.,  White,  (ih..  CrayNh,  Itik.,  Itlack.  Git.,  Cray- Itrown. 


Table  27.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 
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Turbidity- *Uecided.  § Very  Decided.  + Distinct,  t A^ery  Slight.  ||  Slight.  Color— M.,  Muddy.  VM.,  Very  Muddy.  T.,.. Turbid.  C.,  Cloudy. 

, OR  ON  Ignition— G.,  Gray.  U.,  Brown.  DB..  Dark  Brown.  LB.,  Light  Brown.  RB  , Reddisli  Brown.  BG.,  ISrownish  Graj-.  Bh.,  Brownish.  R.,Red.  Rh.,  Reddish.  IV.,  White, 


Table  42.  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS -PARTS  PER  MILLION.  Report  of  Autiiuu  W.  Palmek, 

T.  .1.  Buurili,, 

Source  ov  Water— Des  Plaines  River,  Lockport.  University  of  Illinois. 


Turbidity— * Decided.  § Very  Decided.  + Di.stinct.  i Very  Slight.  J Slight.  Color-M.,  Muddy.  VM.,  Very  Muddy.  T.,  Turbid.  U.,  Cloudy. 

Color  ON  Ignition— G., Gray.  B.,  Brown.  DB.,  Dark  Brown.  LB.,  Light  Brown.  RB.,  Reddish  Brown.  BG.,  Brownish  Gray.  Bh.,  Brownish.  R.,  Red.  Rh.,  Reddish.  W.,  White. 


Table  43.  . STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATKR  ANALYSIS— PARTS  PER  MILLION.  Report  of  Authlu  W.  Palmer, 

T.  J.  Burrill, 

Source  op  Water— Drainage  Channel,  Bear  Trap  Dam,  Lockport.  University  of  Illinois. 
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Turbidity— * Decided.  § Very  Decided.  tDistinct.  t Very  Slight.  ||  Slight.  Color— M.,  Muddy.  VM.,  Very  Muddy.  T.,  Turbid.  C..  Cloudy. 

Color  ON  Ignition— G.,  Gray.  B.,  Brown.  DB.,  Dark  Brown.  LB.,  Light  Brown.  RB.,  Reddish  Brown.  BG.,  Brownish  Gray.  Bh.,  Brownish.  R.,  Red.  Rh.,  Reddish.  W-. White. 
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Table  64.  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Reiiort  of  AuTuint  W.  i^almek, 

T.  J.  Hukrill. 

Source  op  Water— Mississippi  River,  100  feet  from  Illinois  Shore,  Alton.  University  of  Illinois. 
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Table  65.  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS- PARTS  PER  MILLION. 

Source  op  Water — Mississippi  River,  One-Fourth  Distance  prom  Illinois  Shore,  Alton.  University  of  Illinois. 
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Table  69.  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANA  LYSIS  - PARTS  PER  MILLION. 

1 • cl>  151  RKILlit 

Source  op  Water — Mississippi  River.  400  Feet  from  Illinois  Shore,  at  Chain  of  Rocks,  Dniver.sity  oI  Illinois. 

Pumping  .Station  St.  Louis  Water  Works. 


Turbidity— • Decided.  J Very  Decided.  + Distinct,  t Very  Slixht.  | Slight.  Color— M.,  Muddy.  VM.,  Very  Muddy.  T.,  Turbid.  C.,  Cloudy. 

Color  ox  Ignition— O., Gray.  H.,  Brown.  DH.,  Dark  Brown.  LB.,  Light  Brown.  RB.,  Reddish  Brown.  BG.,  Brownish  Gray.  Bh.,  Brownish.  R.,  Red.  Rh.,  Reddi.sh.  W.,  Whiia 


Table  69— Concluded.  STREAMS  EXAMINATION 


O 

HH 

K 

CO 

t— t 

p 

HH 

CO 

O 

O 

<1 

U 

t— I 

m 

Q 


o 

c 

M « 
a " 
S 'S 
Hi  o 

55 

^ pj  ^ 

p.  &.C 

ga  c 

£ P 

H'-5 
« . 
-i;si 


a 

0) 


O 

S 


02 


US 

o 

o 

02 

C«i 

o 


Ed 

u 

f- 

< 

a 

US 

c 


cc 


cc 

i;  w 

■■■  65 

o 

CO 

» fi2 
h3  ^ 


-§ 

^co 

> ^ 

, o 


^ pH 

CO  U 
£0- 
co 

CO 


02 

H 


S 

i 

«=  i 

H 

6^ 

-< 


Ch 

c 

u 

o 

65 

P 

O 

CO 


^ 5:5  'rt  ^ 

5«  = g| 
uSa 


.°a  ~ 


•UOO  JO  -sqv 

JO  oouasajj 


•juoQ  ‘Jiy  JO 

ojnjBJOtlmaj, 


■O  ‘J31ba\  jo 

ajnjnjadinaj 


•jajBAV 

JO  'ingiaH 


o z 
- w 

6 ^ 
< o 


•<  . 

55  " 
H Z 
O O 

% 


^ o 
ga 

O o 

o 


papuacl 

■sns 


•pOAIOS 

•sia 


-\mojj 


p.pud 

-sns 


PjAjos 

*sia 


lAOJj 


•viuom 

-inV93JJ 


pdsns 


pa  A 109 

-sia 


•imox 


•auiJOtqo 


02  c C S 
o o tc.2 
c; 


55 

O 

? 

< 

as 

o 

u* 

< 

> 

w 

55 

O 

US 

p 

2 

» 

02 


p.pud 

-sns 


P.AJOS 

•sia 


I.^ox 


papuad 

-sns 


•paAios 

'Sia 


•IB^ox 


•iopo 


H 

o 

?5 

65 

■< 

US 

Ph 

PU 


u, 

o 

US 

H 

-< 

a 


u 

O 

o 


«j  a 


A.qjnjj 


c 

a o 


o , 
c 
— o 

6- 


■oiJ  I'Buas 


iSESBSSSSSS  :ii8SS88SS88S888888 

?o»noooooo-H0^  -^oxodih^  ifi  in  tt as »»  hh  oo  co  nj 
3 od't.Ccd  ifi  i~  eDoo'o  — P C « m PPmm  Pm'  —'Pin coco  (jiirio  Pci 


8* 

o 

■■D 


++ 


11++:  ; ++ I +++ 1 ++ 


+ 


Ocpi-0:K3:050:ooa0050:C5«:CCDl'-COl'-l'-WO'^OXG50<?1005 
O')  C'j  'M  fj  c-i  C'l  w w Cl  Cl  ^ b~'>  ci  ci  ci  ^ ci  im  c-i  ^ 


oocii'»05»Tt'Tr'^(X'’— ciosi— o5o:i'-^  ht:ox  — ^ OiCcD 

cici  — OCSOCl'-CDifMClCOOoioOCOcdoOOGOWl'-COCDtOl'-l-'COO 


•COCDlCTjilfiCO'^CCOUCOOJl'-COCOTt'CDWiCC 


C-l  '3'  CO  CO  ' 

8888S 


il§8§iii 


co^^X):yi:-coi:-co^occo^ 

o8oS$ooo55o8S8 


SOI  o Cl  oi  Cl  ^ c)  ^ o Cl  CO  X Cl  :c  ^ 00  cc  oo  d Cl 

COCOOIlrtCOCOCICOOG  '^cP^CIOOCTCO-tOgO’— COOOCIClOlCCO 
C005XCiTj<^-HC>COl-^l-^d(XiOif5ir5COClCl’VClCOT-.CICO'^'>r’-''^ 


COXTfOOX  X CD  CD  OCDCIXClCDCICD-^TT’^-t'Cl'^CICICI 
l^OOX?D'^-+*XO:  CO  CO  — COCICO  — — l-00CDa0CD»h'^l'-O5O5 

dCO^CO'<»*COXCOCOCOCOClCOCOCOCO'«f'^'<t'iDiCCOH#.cO'^*’?DlDiDiDiO 


■^’^'^XCI  X cox  XCD  -rf’Cl^SSciSS  8^x5?^^ 
COCIdcDOl  ^I'-O  — TfX05XOX»a:xcOCDCOl^OOil'-0 


Cl  X Cl  CO  CO  Cl  CO  CO  Cl  -r  ' 
irt  CO  X 40  X X I'-,  —no  I'-  Cl  05  X c 

t-X-^dOO  — — CiT-«COiOTf<C 


Tf^co-^rTfxci  -fXTfX  xxTfX  ■«!f  cicocoxcici  ci 

Tr^l^ClClOQl'-'>t^'^'?'lQ'^®^<^'5^'^0'*t'^*^05l-i0005!H-  \n 
^ ^ 5s}  d Cl  Cl  — Cl  Cl  d d O — Cl  — Cl  C l Cl  Cl  — — — Cl  Cl  — Cl  Tf  X 


XCIX_'3'CIXCICOCO'^  X_XX_  Cl  _ — — I..-. 

^ — OXOiOtMO— • — OX-T-Tl'XifSX  — — ® — OCiO- 


Cl  05  d-!?  ClT»*  -g-COXdX  X>^>^CI  dcp 

>S”“3o  — coci— iTf*'^x^Oi>  — d 


COl-^  05l--Tf'COl’»l'-X  OSOJtt  — — lO  O5C0  lOCO  CD05dX 
■^l'-X05  ■^CO'^'^COX  — dXC0O05;005if5C0t'»Tr*>^’*J*C0Xlf:-»#‘W 


05  Cl  "^iCXXCOXWXX  — 05'^XXd05«XdC0MX05  — -COX 

I>l-»odt>— XC0t>^C0C0C0cdcdl0C0l0l'-l'-C0l>-X05  05  05  C5OC0C0t^l> 


OIXl'-'^'^tOl^diOTf'COX  XX05  05l^05d— d — 05X1005X  — X 


CO'^'^XCO’^  XCOCO  TfXCOCO  ••fXd^  XX'^X  CO 

l:ococdcocol•^^^t'-o6GdcocOiOcol^^>ccl•^Ol'^co^^cocDlOcd^O'^•«^'CO 


cd*£dcd*0232.23.?Q.C02202 

Moqcco:xo:po;:c:acQp:o2oqo;o25o22p:cq;r)Oqqo:;::;Oqpc::;Ci 


■^co  I'-XXCOCOCIXdX  ,COCO  dcococo  dCOXCICD’^'^dCI 
cic0'?t«QOO05tHlc0C0C0'**'  — C0t^^  — l-  — C0dW  — :0>0  — C0c0C0—' 

cicidco  — — — X —C'}—  X—  ddOl  — — ' 


COXdClcOXcOXX  COTfCI  COCIX  TT'^  dXXXX'^ 

•^?Srr'^»f5Wi^C)iQX'^ciQ  — cbcoooi  — x^-t‘oQ'^codQdcDci 
Cl  CO  X C?  ^ X »0  « d — d d Cl  — Cl  CO  — — — Cl  Cl  Cl  Cl  Cl  X CO  Cl  Cl  X 


'fCOcOiO  CIXXCO  X,d  dCldX'^  CO  XTt<’^Cld  CO 

co05»ftic:Q'^i'-OciQ»Qo6;b??u;-ti^  — r>»cicicp  — qoqQ'^i^050co 

^ lO  i?5  i-^  X tO  to  lO  X CO  — ’»»  •iH  CO  CO  Cl  X XXX  cix^’^du^io-n*^-^ 


X X d Cl  d (O  ^ 

05  Cl  X CO  Cl  lO- 


CI'^d'^CDcOXXCl’^CDX 


ift  Cl  X CO  W c.  Cl  Q ® 05  Cl  X CO  Cl  iC  go  I-  'rt*  40  ^ ' 05  CO  ^ 05  CD  X Cl 

^ — '^Ol'-iC-l'X35  05t0'r»ftl'-05XC±^XiCXXC0XXCT  — Xl^CO 

X-^'^-*t»  — — — « — — — nO^XClXX— d — — — — — ^icdddx 


codxco  XX'*»'  CO  Cl  X Cl  Cl  x*^  --ri^cix  CO  Cl  XX  H-t'-rco 


»ft»cx— ‘cococi^cix  — oc5»oci'^xxi'-»r:cocoi^xxQC^'^og5 

JO  lo  lO  I*-  CO  »f5  w CO  05  lO  -n*  ■n'  5?  w »o  X CO  I'-  w X I'- 1'*  I--  05  CD  lA  X 


XCI'»»'XdXCOd-^X-^X'*»*d-t'  -r-^xco  'TfdXCOcOdX 


*GX£252SJX  ^5r5i!50  ^ ^y5  ^ ^0 

OOOOOO  OOOO  — O — O— ' — XCIOOXX  — 1» 


^ ^ ^ ^ H r-* 


fT.  ^ ^ ^ ^ fgS,  ^ ^ 


c/3  .. 

c - 

o 

o 


C 3 

o 

o 


P'S  X3 
O'  o 
SS-  3- 


*0 'd  — 'O 
- c«  O c/)  o 

sc:  3:  c:  s 

: o ^ o w 

>0  ^ o 


****************  * *■  (jr.‘jr»k  * un*  * * cits 


•05  — ^‘XJX  — X^XO  — '^COX  — XiOXOCIiOi'-OCCliO 

^ ^ (2^  9.)  ^ —I  — —I  —•  Cl  Cl  d Cl  Cl 


be, 
< * 


05  " 

a? 


y - 

o 


i^o^xcoxoxiowoci]j-i-a5  — xici^Od^i^o5  — -t'C'X  — 

Cl  X Cl  Cl  Cl  d d X — ^ — 4-H  — d Cl  d Cl 

^ <2 


Ch- 

03 

CO 


o - 

o 


S'eSfeS  — 

X X X X X 


— iocox8dSSoci§S3  — ^?8o8Jj5  — SicSx* 
xxxxxxx6oxooxxxS5jS3S3SSc2c£c2c2x 


Turbidity— * Decided.  § Very  Decided,  t Distinct.  fVery  Slight.  ||  Slight.  Color— M.,  Muddy.  VM.,  Very  Muddy.  T.,  Turbid.  C.,  Cloudy. 

Color  ON  Ionition—G.,  Gray.  B.,  Brown.  DB.,  Dark  Brown.  LB.,  Light  Brown.  RB.,  Reddish  Brown.  BG.,  Brow'nish  Gray.  Bh.,  Brownish.  R.,  Red.  Rh.,  Reddish.  W.,  White.. 


Table  70— Concluded.  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SAMTAKY  WATER  ANALYSIS— PARTS  PER  I^IILLION.  Peport  of  Akthuk  W.  Palmeii, 

^ ,,  '1-  -f-  Rcrrii.l, 

SOURCE  OF  \\  ATER— Mississippi  River,  Midstream,  at  Chain  of  Rocks,  University  of  Illinois 
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Table  77.  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Arthur  W.^Palmer, 

Source  op  Water — Mississippi  River,  West  of  Midstream,  Jefferson  Barracks,  Mo.  University  of  Illinois. 


Turbidity— *1)601(16(1.  § Very  l)6ci(i6(l.  + Distinct,  t Very  Slight.  | Slight.  Color— M.,  Muddy.  VM.,  Very  Muddy.  T.,  Turbid.  C.,  Cloudy. 

Color  ON  Ignition— G.,  Gray.  B.,Brflwn.  DB.,  Dark  Brown.  LB.,  Light  Brown.  RB.,  Reddish  Brown.  BG.,  Brownish  Gray.  Bh.,  Brownish.  R.,Red.  Kh.,  Reddish.  W.,  White. 


Table  78  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS-PARTS  PER  MILLION.  Report  of  Akthuk  W.  Palmer, 

T.  J.  lJURRILL, 

Source  of  Water— Mississippi  River,  100  Yards  from  SIissouri  Shore,  Jefferson  Barracks,  Mo.  University  of  Illinois. 
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Turbidity — ^♦Decided.  § Very  Decided,  t Distinct.  J Very  Slight.  ||  Slight.  Color — M.,  Muddy.  VM.,  Very  Muddy.  T.,  Turbid.  C.,  Cloudy. 

Color  OK  Ignition— G.,  Gray.  H.,  Brown.  DB.,  Dark  Brown.  LB.,  Light  Brown.  RB.,  Reddish  Brown.  BG.,  Brownish  Gray.  Bh.,  Brownish.  R.,  Red.  Rh..  Reddish.  tV.,AVhite. 


Table  81.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  .Joudan, 

Source  oe  Water— Illinois  and  Michioan  Canal,  Bridgeport,  III.  University  of  Chicago. 
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Table  83.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  Jordan, 

Source  of  Water— Desplaines  River,  Lockport,  111.  University  of  Chicago. 


Table  84.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO, 

SANITARY  WATER  AX ALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  Jordan, 

Source  op  Water— Desplaines  River,  North  of  Jackson  St.,  Joliet,  III.  Uni  versity  of  Chicaf^o. 


Table  85,  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS- PARTS  PER  MILLION.  Report  of  Edwin  O.  Joudan, 

Source  of  Water— Desplaines  River,  South  of  Town,  .Joliet,  111.  University  of  Chica 


Table  86.  STREAMS  EXAMINATION  — SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  Of  Euwis  O.  .Jordan, 

Source  of  Water— Kankakee  River,  Wilmington,  III.  University  of  Chicago. 


i 


Table  87.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OP  CHICAGO. 

SANITARY  WATER  AN ALYSIS— PARTS  PER  MILLION.  Report  Of  Edwin  O.  Jordan, 

Source  of  Water— Illinois  River.  Morris,  III.  University  of  Chicago. 
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Table  88.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  W.VTKR  .\N' A LYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  Jouuan, 

Source  of  Water— Fo.k  River,  Ottawa,  III.  University  of  Chicago. 


Table  89.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION  Report  of  Edwin  O.  Joudan, 

Source  op  Water— Illinois  River,  Ottawa,  III.  University  of  Chicago. 


Table  90.  STREAMS  EXAMINATION-SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  W-ATER  ANALYSIS-PARTS  PER  MILLION.  Report  of  Edwin  O.  Jordan, 

Source  of  Water— Big  Vermilion  River,  LaSalle,  III.  University  of  Chicago. 


Table  91.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  Jordan, 

Source  op  Water— Illinois  and  Michigan  Canal,  La  Salle,  III.  University  of  Chicago. 


Table  92.  STREAMS  EXAMINATION  — SANITARY  DISTRICT  OF  CHICAGO 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  .Jokdan, 

Source  of  Water — Illinois  River,  La  Salle,  III.  University  of  Chicago. 


Table  93  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATKR  ANALYSIS-PARTS  PER  MILLION.  Report  of  Edwin  O.  Joudan. 

Source  op  Water— Illinois  River.  Henry,  III.  University  of  CLicago. 


Table  94  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  Jordan, 

Source  of  Water— Illinois  River,  Avertville,  III.  University  of  Chicago. 


Table  95.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OP  CHICAGO. 

SANITARY  WATER  ANALYSIS-PARTS  PER  MILLION.  Report  of  Edwin  O.  Jokdan, 

Source  op  Water— Illinois  River,  Wesley  City,  III.  University  of  Chicago. 
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Table  96.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  .Jouuan. 

Source  of  Water— Illinois  River,  Pekin,  III.  University  of  Chicago 
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Table  97.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— P.VRTS  PER  MILLION  Report  of  Edwin  O.  Jordan, 

Source  of  Water  — Illinois  River.  Havana,  III.  University  of  Chicago. 
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Table  98.  STREAMS  EXAMINATION  — SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATKR  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  Jordan, 

Source  of  IVater— Sanoamon  River,  Chandlerville,  III.  University  of  Chicago. 


Table  99.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION  Report  of  Edwin  O.  Jordan, 

Source  of  Water— Illinois  River,  Beardstown,  III.  University  of  Chicago. 
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Table  100.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATKR  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  Jokdan, 

SOL'KCE  OP  Water— Illinois  River,  Kampsville,  III.  Universit5' of  Chicago. 


Table  101.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OP  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION,  Report  of  Edwin  O.  .Iokda.n, 

Source  op  Water— Illinois  River,  Grafton,  III.  University  of  Chicago. 
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Table  1U2.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  Of  Edwin  O.  Jordan, 

Source  ok  Water— Mississippi  River,  Grafton,  III.  . University  of  Chicago. 


Table  103.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  AN ALYSIS— BARTS  PER  MILLION,  Report  of  Kdwin  O.  .Iordan, 

Source  of  Water— Mississippi  River,  100  Feet  from  Illinois  Shore,  Alton,  III.  University  of  Chicago. 


00  6 


®S88SS8S8SSS 

0 O O 

CO  ift  -r  — ci  id  id  CO  lO  Iff  a: 

01  ^ — CO 


w di 


8888 

OC0  7M- 

co’  oi  oi  ^ 


§o 

oj  :d 


5 2^35 

l^OOXW 


•ROD  JO  -sqv 
JO  aouasojd 


0 ‘JIV  JO 

ojujtjaodiuax 


?oQoo-^o>i-x»--fO>acooQOiC'ioo;-^i^oa500)coo>  — o 


0 ‘JOiRAt  JO 

ajnjiuocluiax 


C0^000505l^O0i00Q05;D:DQ0O-*t*Q00i0:D00  00  010iO00’^O 
^ ^ ^ ^ C')  W CO  Oi  Ol  OJ  Oi  CO  Ol  ^ ^ ^ —I 


uajBAV 

JO  iqaiaii 


^ ’^iftCOOO'M  00  GO  W 05  CO  Ci CO 

wo?ow'^coicir;c<ioii>*i^wcowcoTtico(Noio)  — oicoiccococo 


cc 

o ^ 

ti  ^ 

5s; 


servjjiN 


= 18 


kC  <M  ■rf* 


irt  lO  iO  »0  ifl  Irt  o5  iC 

COCOCOX^'^O’-^WCO'^OOlkfiiiOOl^CO'^'^tO 


OOljf5?0'»»'-^'?D05COCOOO  oocowo» 

saiuit^  WCOCOQQ^^^Q’--'1-«CO  — OOIQ^C^^O  — 

♦ r-ftAx  OOOOOOOOOOOOCOO’-'OOOOOOOOOOOOOO 


2 w 

z ^ 

< C2 

05?; 


popuad 

-sns 


paAjos 

-stfl 


T^IOX 


p,pud 

-sng 

«0'^?D’’it*iNXNCDX*t' 
ic  O I’-  5^  kQ*0  05  00  kft  ’’f  o 
i-'?DW'N01»--^0000— * 

.09(3 

.08 

.124 

.168 

.li32 

.136 

.208 

.2 

.096 

.08 

.232 

.16 

.232 

.088 

.208 

p(Alt>S' 

“Sja 

■’t  •£>  ’’i*  :D  X N CD  CD  IN 
COXCDMCDCOX.OXCOl-OO 
NNlNXiNXNMMCOOl^ 

-t'Tt'XfN  IN  if^£>^2g959S 

CDiN'fT'05  *0  (NkOCDOOO 

IN  OJ  IN  1—  O)  N 0>  IN  N “N  Ol  N N 

OI 

05 

L10X 

X O?  X 

— X'*t<?ON-rX-T'005(NX 
'^XcDkf5iD'n''’!f’’1’TrXX0i 

IN  IN  CD  CD  ^ X ^ 

CDOWCDkOMCD  (NX'^CD'^K 

COCOXCOCOXCOTt^XXTrCO'^N 

cc 

W 5 
c S 
fi-  s 


“BIUOUI 

-cav^QJd 


»f:oD»c«ocoo^*x>'M  oo(X)Tt'  oooicoxco 

000000000000^0000000000«00c0r-r^ 


jaww 

z 3 pdsnSiCa 

5 

O o 

u 


©QWC5?Oi-^:0>0  0^0  »-iid'*:DC<JO:DCD  t-OliftOCOCDCDCOXOi 

coao^i--i^»^co  ’cocococooico  * * 


paA^os 

-sia 


Oi  05^0:0  0)05^  CO  Tt*  CO’— ^CDOJOl-t^OlCO 

O 05  O)  i>  00  if?  CO  lO  lO  kO  ifS  I'-  CD  I--  I'-  X X GO  I'-  W t’-  CO  o :o 


'imox 


OlCD05X^Xkf5O5'M:D^l’-'X>l'-0>X«D  COCD^D'^'X  CD 

COl'-O5^'»f05XX'^XXl-^-’^Xt-:Dl'-X05  05  05Xl'-X05lOXXX 


•au]JOiqo 


«D05  tD'N05t^XC0i:DiDl'’‘01irtCD'N  CDO)WiOi'M»f5’*rXX’^lD: 
COMCOCO^W5'lOlTf-’1*05if:i?Q»D:DWCD05l-»CCD05  05— ^OOkOOOi 


z ^ 

o2 


p ^ 

a o 

X ^ 

W *<1 

Qi  > 


papnad 

*SUS 


•pOAlOS 

'SKI 


Ol  Ol  Ol  X 01  Tf-  Ol 

0>0  1’-IDOXX05  0>  — ‘:»tDOXiD:D»D^-^O’^O’-^-^O0Q^l-“tD 
2wcDt0-^*XiX05'Mi’-CD*f:oxc5i'-05O;DX:Dir304  0*i’»':DC0’— ^ 
CO'-rtDCOC'l^^’—  »— 


«0  Ol  X CD 


?D  X 


■^05f0  0105X’MX— ’’»fTf-CD'MX»OX’— OCOX:D’^0’»f'^050QcD 

— X05COXOXl--XOiOCO-r25*-I'-a5  — Xl'-XOMXOi'’»  — oco 

Ol  ^ 1-1  Ol  ^ Ol  ^ ^ /f5  (M  (M  r-  O'!  « ^ ^ fM  IN  ’-I  Ol  ’-'  Ol  0}  01 


RBJOX 


:DC0'NX^D?DXl^’’i';D:DiN'Mi-'O’^CD':D'MXQ^— X-fl’-tDl-’C 
lO  X «D  X CO  »-  O W — 05  f lO  -t  »D  X — iQ  ID  iC  lO  lO  O I-  ^ ‘I 
»?5  ?D  X kD  X CO  (N  X Ol  CO  O?  CO  Ol  Ol  <N  CO  N Ol  01  Ol  Ol  X OJ  N Ol  <N  C 


O 

'd 

o 


(D 

c , 

O ' 

5Z. 


H 

y 

-< 

a 

< 

» 

Ph 

CU 


o 


'0»ft?0*X>iDXkOOCOCOCOM  — O — Ol-r^r-fC 


'rt  P 

oj  a 


O 

o 


OJ  03  u 

cH - 


- c - 
o 


* - - ^ C3  - - 
O 

o 


rO 

t-> 

3 

H 


'd 

cj  "d 


-d 

d2  p ^ 
S 


'd 

•d  o 

^ S 
Q 


Ph 

o 

w 

t- 

*<3 

Q 


8|.2 
GO  « n 
^ V<  C3 
^ C 


XkO^OiiOWOi^DCOOaPCOOl’*’—  w-v  — XiC'rOiCD'NOitD^'^  — 
^ Ol  « Ol  01  — C'J  Ot  « ^ CO  — Ol  IN  ^ — 0) 

bb 


S’  c 

dr  — 3 1 


- 0)' 


♦J  r’’  y 

::  c::':  o::  a?: 
O y;  :::3 


g 


d 

c 


O-Ti— Xk00i6bk0'N05:DiN05:0O:DMOW-^'— •XkC*-<XiO05XQ 

^WCO  1— NN  1-^^'N  v-iiNiN 


O' 


. - E.  - - 


be 


5J'T33  C.>333  03 

'%  O 


o 

: Q : 

a 


kCi-'N  — 0::OkCX-rO5CDl-'Nl'-  — •’rO'TT'JDXXX'Oil'-'Nl'-’rQ 
OI  kfi  X -N  CO  X — -r  00  — kft  05  WX>  ’’T  X C-J  kC  05  X I'-  Q ^ X IN  I’-  -N  X N 
^^^(:v)<5.)5:>cococo’^-fKbkf5*X):o?Di'’’i-xxx050iOO-’ 


•OK  iBuas 


Table  104.  STREAMS  EXAMINATION  — SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Euwin  O.  .Ioisoax, 

Source  op  Water— Mississippi  River,  One-Fourth  Distance  from  Illinois  Shore,  Alton,  III.  University  of  Chicufto. 


Table  105.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  AN ALVSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  .Johdan, 

SocKCE  OF  Watek— Mississippi  Riveu,  Midstream,  Alton,  III.  University  of  Chicago. 


Table  106.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin 


Table  107.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS-PARTS  PER  MILLION.  Report  of  Edwin  O.  Jordan, 

Source  op  Water— Mississippi  River,  100  Feet  from  Missouri  Shore,  Alton,  III.  University  of  Chicago. 


Table  108.  STREAMS  EXAMINATION  — SANITARY  DISTRICT  OF  CHICAGO.  - 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  .Toisdan, 


Table  109.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  Jordan, 

Source  or  Water— Mississippi  River,  Midstream,  at  Chain  op  Rocks,  University  of  Chicago. 

Pumping  Station  St.  Louis  Water  Works. 
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Table  110.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO 

SANITARY  WATER  ANALYSIS- PARTS  PER  MILLION.  Report  Of  Edwin  O.  Joudan, 


Table  111.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OP  CHICAGO. 

SANITARY  WATER  ANALYSIS-PARTS  PER  MILLION.  Report  of  Edwin  O.  Jordan, 

Source  op  Water— Mississippi  River,  400  Feet  from  Missouri  Shore,  at  Chain  op  Rocks,  University  of  Chicago. 

Pumping  Station  St.  Louis  Water  Works. 


Table  112  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  Joudan, 

Source  op  Water— Missouri  River,  Fort  Reulefontaine,  West  Alton,  Mo.  University  of  Chicago. 


Table  113.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO 

SANITARY  WATER  AN ALYSIS— FARTS  PER  MILLION.  Report  Of  Edwi.n 


Tablk  114.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

S.VNIT.VRY  WATER  ANALYSIS— P.\RTS  PER  MILLION.  Report  of  Edwin  O.  .Iokdan. 

Source  op  Water— .Mississippi  River,  East  of  Midstream,  Jefferson  Barracks,  Mo.  University  of  Chicago. 


Table  115.  STREAMS  EXAMINATION  — SANITARY  DISTRICT  OF  CHICAGO. 

SAJJITARY  WATER  ANALYSIS — PARTS  PER  MILLION.  Report  of  Edwin  O.  .Iordan, 

SocRCE  OP  Water— Mississippi  River,  Midstream,  Jefferson  Barracks,  Mo.  University  of  Chicago 
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Table  116.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  'A  ATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  Jordan, 

Source  of  Water— Mississippi  River.  West  of  Midstream,  Jefferson  Barracks,  Mo.  University  of  Chicago. 


Table  117.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATKK  ANALYSIS-PARTS  PER  MILLION.  Report  of  Edwin  O.  Joudan. 
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SANITARY  WATER  ANALYSTS— PARTS  PER  MILLION.  Report  of  Edwin  O.  .Jordan, 

Source  of  Water— St.  Louis,  Missouri,  Tap  Water.  Universit}'  of  Chicago. 
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Table  119.  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS-PARTS  PER  MILLION.  Report  of  Edwin  O.  Jordan, 

Source  op  Water — Sanitary  Canal,  Kedzie  Avenue.  University  of  Chicago. 


® 6 >-  ‘S 

0$,  S.3  ^ 2 


UOO  JO  -sqv 
JO  aouasajd 


in 


•0  ‘Jiy  JO 

OOiftOCSCO’^O'.COlft  • 

ojn^Riaiiiuoj; 

•0  ‘iajBAi.  JO 

iA  m m 

oinjRjodiuax 

eOXCOCOOOOi'iA^l— ' • 

^ CQ  . 

JO  %q3\Qii 


Nitro- 

1 GEN  AS 

S01VJJ{iI 

Noo<SS«oo§ 

Ot-Gvl—iCOCQQ'^CO 

000000000 

Organic 

Nitrogen. 

papuaii 

-sns 

•pOAIOS 

“Sia 

•wox 

Nitrogen  as 
Ammonia. 

1 Albuminoid  Am  { 

p«pud 

-sns 

^qOO'^OOQOWW 
’*f00'^»-00O<Ml'-CC 
'4'iAO'r  — -MccocQ 

PjAIOs 

-sja 

CO  W ^ 05 

^ 1—  CO  ©1  ^ »A  0 

T.jox 

<0  00  00 

TjH  CO  to  -p  5^  ©J 

COOOiACOCOCOTpCC’^ 

"Biuoin  cDX’-'COTf^^^olS 
,m'vd9M  • 


Oxygen 

Consumed. 

■a0«vn 

pdsns^a 

CO  ca  CO  ©1 1*-  »A 

WO  wwww-^w 

•paA^os 

-sia 

00  W l>*  CO  lA  CO  CO  l>. 

C01>iAlAC0lAC0’^C0 

TUiox 

‘00  CO  W X X CO  *A 

00»COJ>iAt-lACOCO 

•anijomo 

X’Tp'^XCCXOW 

Residue  on 
Evaporation. 

popnad 

-sns 

— COCOOCOM'OlA^ 

©1 1-«  w T-i  ©5  ^ 

•pOAIOS 

-Sia 

O©3C0O**S^WiA7t''^ 

T^jox 

2.51. 

388. 

203. 

206. 

180. 

166. 

185. 

179. 

195. 

Odor 

Gassy 

Gassy 

Gassy 

H 



Appearance. 

Color. 

S ^ « M (N  ^ CO 

Sedi- 

ment. 

Little 

Much 

Little 

*( 

V.  “ 
Little 

Turb’y. 

Much 

“ 

Distinct 

Much 

i ( 

Distinct 

Much 

Decided 

Date  op 

1900 

Exami- 

nation. 

©l»iA©10»A-"XlA 
^ ©>  ©1  ^ ^ W 

C3 

az  " 1 z 2-:- 

1900 

Collec- 

tion. 

Apl.  30 
May  8 
“ 14 

“ 21 
“ 28 
June  4 
“ 11 
“ 18 
“ 25 

•0^1  iBiJas 

C»OCOOOi©JlAWt» 

»A  X lA  X 01  »A  0 ©1 
I>i>-xxxoo5c5<^ 

Table  120  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  Jordan. 

Source  of  Water— Illinois  and  Michigan  Canal,  Bridgeport.  University  of  Chicago. 


Table  121.  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS-PARTS  PER  MILLION.  Report  of  Edwin  O. 
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Table  124  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  Jordan, 

SoL'KCE  OP  Water— Uesplaines  River.  W.  Bank,  N.  Jackson  St.,  Joliet.  University  of  Chicago. 
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Tahlr  125.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANIT.VRY  WATER  ANALYSIS — PARTS  PER  MILLION.  Report  of  Edwin  O.  .Jordan, 

Source  or  Water— Desplaines  River,  Jefferson  St.,  South  Jouikt.  University  of  Chicago. 


Table  126.  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  .Iordan, 

Source  of  Water — Kankakee  River,  Wilmington.  University  of  Chicago. 


Table  127.  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  Of  Edwin-  O.  .Iordan, 

Source  op  Water— Illinois  River,  Morris.  University  of  Chicago. 
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Table  128.  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  O.  .Ioudan. 

.Source  of  Water— Fox  River,  Ottawa.  University  of  Chicago. 
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Source  of  Water— Illinois  River,  La  Salle.  University  of  Chieafto. 
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Source  of  Water — Illinois  River,  Uenrt.  University  of  Chicago. 
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Table  134.  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATKR  ANALYSIS— PARTS  PER  MILLION.  Report  Of  EnwiK  O.  .Jordan, 

Source  op  Water — Illinois  River,  Avertville.  University  of  Chicago. 


Table  135  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  .Ioiuian. 

Source  op  Water— Illinois  River,  Wesley  City.  University  of  Chicago 
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Table  136.  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS-PARTS  PER  MILLION.  ReiK)rt  Of  Edwin  O.  .Joudan, 

SoTKCE  OF  Water— Illinois  River.  Pekin.  I'niverslty  of  Chit-afro, 


Table  137.  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

S.\NITARY  WATER  .ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwi.n  O.  .Iouuax. 

SouKCE  OP  Watek— Illinois  River,  Havana.  University  of  Chicago. 
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Table  138  STREAMS  EXAMINATION — CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  .Jordan, 


Table  139.  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS-PARTS  PER  MILLION.  Report  of  Edwin  O.  .Toud.^n, 

Source  of  Water— Illinois  River,  Beardstown.  University  of  Chicago 


Table  UO.  STREAMS  EXAMINATION- CHICAGO  SANITARY  DISTRlCrr. 

SANITARY  WATER  ANALYSIS— I’A RTS  PER  MILLION.  Report  of  EmviN  O.  .Iokdan, 

SouucE  OF  Water— Illinois  River,  Kampsville.  University  of  riiicafto. 
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Table  141.  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  .Jobdan, 

Source  of  Water— Illinois  River,  Grafton.  University  of  Chicago. 


Table  142.  STREAMS  EXAMINATION  — CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  .1okd.\n, 

Source  of  Water — Mississippi  River,  Grafton.  L'niversity  of  Chicago 


Table  143.  STREAMS  EXAMINATION  — CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  .Iordan, 

Source  op  Water— Mississippi  River,  100  feet  from  Illinois  Shore,  Alton.  University  of  Chicago. 
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Table  146.  STREAMS  EXAMINATION  — CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  Of  Edwin  O.  Joicd.-i.v, 
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SANITARY  WATER  AN ALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  Jordan, 

Source  of  Water— Mississippi  River,  100  Feet  from  Missouri  Shore,  Alton.  University  of  Chicago. 
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Table  148.  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS-PARTS  PER  MILLION,  Report  of  Edwin  O.  .Iohdan, 

Source  oe  Water— Mississippi  River,  400  feet  frosi  Illinois  Shore,  at  Chain  of  Rocks,  University  of  Chicago. 

Pumping  Station  St.  Louis  Water  Works. 


Table  loO.  STREAMS  EXAMINATION  — CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Edwin  O.  .Iokdan, 

Source  op  Water — Missif5sirri  River,  at  Chain  op  Rocks,  University  of  Chicago. 

Inlet  Tower,  St.  Louis  Water  Works. 


Table  151.  STREAMS  EXAMINATION  — CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATER  ANALYSIS-PARTS  PER  MILLION.  Report  of  Edavin  O.  .Jokuan, 

Source  op  Water— Mississippi  River,  400  feet  prom  Missouri  Shore,  at  Chain  op  Rocks,  Universitv  of  rhica-rr, 

Pumping  Station  St.  Louis  Water  Works.  uuiversui  oi  i.nica„o. 


Table  152  STREAMS  EXAMINATION— CHICAGO  SANITARY  DISTRICT. 

SANITARY  WATKR  ANALYSIS— PARTS  PER  MILLION.  ReiK)rt  of  Edwin 
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Table  158.  STREAMS  EXAMINATION  — SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS- PARTS  PER  MILLION.  Report  of  Edwin  O.  Jordan, 

Source  of  Water— St.  Louis,  Missouri,  Tap  Water.  University  of  Chicago. 
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SAXITARV  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Adolph  Gehumanx, 
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SoiRC'E  OP  Water— Illinois  River.  Averyville,  III.  Municipal  Laboratory,  Chicafto  111 
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SANITARY  WATER  ANALYSIS  - PARTS  PER  MILLION.  Report  Of  Adolph  Gehrmann. 

D.  B.  Bisbee, 

Source  op  Water— Illinois  River,  Weslet  City,  III.  Municipal  Laboratory,  Chicago,  111. 
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Table  174  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Adolph  Gehrmann, 

D.  R.  Bisbee, 

Source  op  Water— Illinois  River,  Pekin,  III.  Municipal  Laboratory,  Chicago,  III. 
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Table  179.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION  Report  of  Adolph  Gehrmann, 

D.  B.  Bisbee, 

Source  of  Water— Illinois  River,  Grafton,  III.  Municipal  Laboratory,  Chicago,  111. 
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Appearance— H.,  Heavy.  VH.,  Very  Heavy.  VVH.,  Very,  Very  Heavy.  S.,  Slight.  VS.,  Very  Slight.  VVS.,  Very,  Very  Slight.  M.,  Medium. 
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Appkabance -H.,  Heavy.  VH.,  Very  Heavy.  VVH.,  V’ery,  Very  Heavy.  S.,  Slight.  VS..  Very  Slight.  WS..  Very,  Very  Slight.  M.,  Medium. 


Appearance— 11.,  Heavy.  VH..  Very  Heavy.  VVH.,  Very,  Very  Heavy.  S.,  Slight.  VS.,  Very  Slight.  VVS.,  Very,  Very  Slight.  .M.,  Medium. 


Table  182.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Anopu  Ueukmann, 

U.  B.  Kisbee, 

Source  op  Water— Mississippi  River,  One-Fourth  Distance  from  Illinois  Shore,  Municipal  Laboratory,  Chicago,  111. 
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Table  183.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  Of  Adolph  Gehrmann, 

I).  B.  Risbee, 

Source  op  \\  ateb— Mississippi  River,  Midstream,  Alton,  III.  Municipal  Laboratory,  Chicago,  111.' 
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Table  185.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  AN ALYSIS— PA  RTS  PER  MILLION  Report  of  Auolpu  Gehrmann, 

D.  B.  Bisbee, 

Source  of  Water— Mississippi  River,  100  Feet  from  Missouri  Shore,  Alton,  III.  Municipal  Laboratory,  Chicago,  111. 
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Table  186.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Adolph  Gehrmann, 

■ D.  H.  Risbee, 

Source  of  Water— Mississippi  River,  400  Yards  from  Illinois  Shore,  at  Chain  of  Rocks,  Municipal  Laboratory,  Chicago,  111. 
Pumping  Station  St.  Louis  Water  Works. 
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Appearance— H.,  Heavy.  VIL,  Very  Heavy.  VVH.,  Very,  Very  Heavy.  S.,  Slight.  VS.,  Very  Slight.  VVS.,  Very,  Very  Slight.  M.,  Medium. 


Table  187.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION-  Report  of  Adolph  Gehrmann. 

D.  B.  Bisbee, 

Source  op  Water — Mississippi  River,  Midstream,  at  Chain  of  Rocks,  Municipal  Laboratory,  Chicago,  III. 

Pumping  Station  St.  Louis  Water  Works. 
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Appearance— H.,  Heavy.  VH.,  Very  Heavy.  VVIL,  Very,  Very  Heavy.  .S.,  Slight.  VS.,  Very  Slight.  VVS.,  Very,  Very  Slight.  M.,  Medium. 


Table  188.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 
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Appearance— H.,  Heavy.  VH.,  Very  Heavy.  VVH.,  Very,  V'ery  Heavy.  S.,  Slight.  VS.,  Very  Slight.  VS.,  ^'er.v.  Very  Slight.  M..  Medium. 
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Appearance-H.,  Heavy.  VH.,  Very  Heavy.  VVH.,  Very,  Very  Heavy.  S.,  Slight.  VS.,  Very  Slight.  VVS.,  Very,  Very  Slight.  M.,  Medium. 
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Appearance— H.,  Heavy.  VH.,  Very  Heavy.  VVH.,  Very,  Very  Heavy.  S.,  Slight.  VS.,  Very  Slight.  VVS.,  Very,  Very  Slight.  M.,  Medium. 


Appearance— H.,  Heavy.  VH.,  Very  Heavy.  VVH.,  Very,  Very  Heavy.  8.,  Slight.  VS.,  Very  Slight.  VV8.,  Very,  Very  Slight.  M.,  Medium. 


Table  193.  STREAMS  EXAMINATION— SANITARY  DISTRICT  OF  CHICAGO. 

> SANITARY  WATER  ANALYSIS— PARTS  PER  MILLION.  Report  of  Adolph  Gkhrmann, 

D U B18BEE 

SoriRCE  OP  Water— Mississippi  River,  Midstream,  Jefferson  Barracks,  Mo.  Municipal  Laboratory,  Chicago,  111 


Appearance— H.,  Heavy.  VH.,  Very  Heavy.  VVH.,  Very,  Very  Heavy.  S.,  Slight.  VS.,  Very  Slight.  VVS.,  Very,  Very  Slight.  M.,  Medium. 
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1.)  li  Disbee 

Source  op  Water— St.  Louis,  Mo.,  Tap  Water.  Municipal  Laboratory,  Chicago,  111. 
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